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MFTHOD AND APPARATUS FOR USE IN bit digital signal, the switched capacitor network havmg a 

^cS^^OR SYSTEMS pluraUty of sub DACs. at least two of the plurahty of s^ 

DACs sharing charge with one another, wherein the 
switched capacitor network outputs an analog signal indica- 
TECHNICAL FIELD 5 tive of a sum of equaUy weighted values of each bit in the 

lliis invention relates to methods and apparatus for multi-bit signal. , , 

switched capacitor systems. According to a fourth aspect, a method of convertmg a 

multi-bit digital signal to an analog signal mdicative ot a 

RELATED ART of ^^^^ ggch bit in the multi-bit digital signal 

Many systems employ switched capacitor techniques, for 10 includes charging each of a plurality of capacitors to a value 

example, making use of capacitors and packets of charge to corresponding to a value of a bit in the multi-bit signal, 

perfonn a function wherein the charge on each capacitor corresponds to a 

Digital to analog converters are one type of system that weight of the value of a conespondiiig bit; 

frequently useswi^edcapacitortechniques, forexampleas at least two of the plurahty of capacitors to one another to 

part of a digital to analog conversion system for use in a share charge with one another. 

mobile communications system. Mobile communications According to a fifth aspect, a method of converting a 

often include a cellular handset that uses digital baseband equally weighted multi-bit digital signal to an analog signal 

VQ modulation and synthesis in a transmit path. indicative of a sum of value of each bit m the multi-bit 

A digital-to-analog converter generates analog data in digital signal includes chargmg each ofa plur^i^ of cap^^^^ 

responS to digital 4ut data. One type of digital-to-analog tors to a value coirespondmg to a value of a bit m tiie 

co^Sr r^eiv^ bLary-weighted data. Another type of equally-weighed multi-bit signal, and genmtmg a signal 

SXSgloS Jives equally-weightedSta. P^'^^^^^f ^t^'/'l^^^'T'lF^^^'tlfi^^ 

Using digitaf-to-analog conversion to create an analog ^'^^r'''^^^' "IT'' ? ? J^n^^^ 
sii often results in si^ial noise, and/or distortion. TTius, „ Accordmg to a sixth aspect, a method of converting m 

employing switched capacitor techniques, there " equaUy weighted mulh-bit digital sigml to an an^^^^^^ 

is oftenaneed forVs^lutionwhichhelpsreducenoiseand/or indicative of a sum of value of ^ch bi m the mdti-b t 

distSn^o help meet the noise and distortion ^^^'^^^'''''^'''^^'f^fj^'^^ 

requirements, a digital to analog converter is sometimes tors to a value corr^pondmg to a value of a bit m tiie 

preceded by a sc4ibler. Output data from a digital-to- equally-weighted mulh-bit signal, and connecting at least 
Kg converter may be presented to a signal conditioner '° two of the plurahty of capaators to one another to share 

stage, e.g., an analog filter stage, to condition the noise charge with one another. . , ^ . 

and/or the distortion. One type of signal conditioner stage is According to a seventh aspect. ADAC mcludes means tor 

a switched capacitor filter. charging each of a plurahty of capacitors to a value corre- 

Analog to digital converters are another type of system 35 spending to a value of a bit in the multi-bit s^g^^ wherem 

that fie^uently uses switched capacitor techniques, for the charge on each capacitor con^ponds to a wei^^^^^^^ 

exam^as p^ of a digital to analog converter used as a value of a correspondmg bit; and means for connecting at 

?SdcSitf i^ a successive a^roximation type of leasttwooftheplurahtyofcapacitors to one another to share 

analog to digital converter. One example of a successive charge with one another. „ . ^ . , ^ . 

approximation analog to digital converter is an AD574 According to an eighth aspect, a DAC mcludes means for 

manufactured by Analog Devices. Mc. charging each of a phirahty of capacitors to aj^e corre- 

In addition to reducing noise and/or distortion, there is spending to a vdueofa bit in the equaUy-w«ghted^^^ 

oftSi aZS in switched ^pacitor systems to fiirther reduce signal, andmeans for generating ^J-f P^fJJ ^^^^ 

power requirements, size. Ld/or cost. at east one capacitor mdicative 0 fa s^^^^ 

^ ^ valuesofeachbit m the mulu-bit Signal. 

SUMMARY OF THE INVENTION According to a ninth aspect, a DAC includes means for 

According to a first aspect, a DAC includes a switched charging each of a pluraUty of capacitors to a value.corre- 

capacitor network that receives a multi-bit digital signal, the spending to a value of a bit in the equally-weighai multi-bit 

switched capacitor network having a pluraUty of sub DACs signal, and means for connectmg at least two of the ptoality 

that each receive an associated bit of the multi-bit digital 50 of capacitors to one another to share charge with one 

signal, each of the plurality of sub DACs having an asso- another. 

ciated capacitance that receives an associated amount of Accordmg to a tenth aspect, an integrated cncuit mcludes 

charge in response to the associated bit, wherein the asso- an integrated switched capacitor network that receives a 

ciated amount of charge for each of the pluraUty of sub multi-bit digital signal, the switched capacitor network 

DACs is in direct proportion to a weight of the bit, at least 55 having a pluraUty of sub DACs that each receive an asso- 

two of the pluraUty of sub DACs sharing charge with one ciated bit of the multi-bit digital signal, each of the plurality 

another, and the switched capacitor network outputs at least of sub DACs having an associated capacitance that receives 

one analog signal indicative of a sum of vahies of each bit an associated amount of charge in response to the assoaated 

in the multi-bit signal. bit, wherein the associated amount of charge for each of the 

According to a second aspect, ADAC includes a switdied eo pluraUty of sub DACs is in direct proportion to a weight of 

capacitor network that receives an equally-weighted multi- the bit, at least two of the pluraUty of sub DACs shan^ 

bit digital signal and outputs one or more analog signals, charge with one another, and the switched capaator network 

wherein at least one of the one or more analog signals outputs at least one analog signal mdicative of a sum of 

comprises a single packet of charge indicative of a sum of values of eadi bit m the multi-bit signal, 

equally weighted values of each bit in the multi-bit signal, es According to an eleventh aspect, an integrated cucuit 

According to a third aspect a DAC includes a switdied includes an integrated switched capacitor network that 

capacitor network that receives an equaUy-weighted multi- receives an equaUy-weighted multi-bit digital signal and 
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outputs one or more amlog signals, wherein at least one of reference direction of the second swttch^ ^P^'^/f^^^ 

the one or more analog si£als comprises a single packet of directed m substantially the same dn-ection as the refa^^ 

?^e LcJtive of ! siTof equ^y weighted values of direction of the first ^J^S 

\. X.'. ' 1^ u * o;„„oi adanted to electncallv connect to a tnira switcnea capacuor 

each bit m the multi-bit signal. . ^ • 5 S S)stoSly id^tical to the first switched capacitor 

According to a twelflh aspect, an mtegrated cn:cm 5 <^ ^?Ed Sed capactior ceU having a reference 

includes an integrated switched capacitor network that ^^ 3^^^^^^,^ rented such that the reference direction 
receives an equally-weighted multi-bit d^.gjta^^sifi;^' ^^^^ ^ ^^^^ ^ direction 

switched capacitor network havmg a plurahty of sub DACs^ ofiset from the direction in which the reference 

atleasttwooftheplmaUtyofsubDACs sharmgchargewiA SJ^^.fflje first switched capacitor cell is directed, 

one another, wherein the switched capacitor network outputs 10 cursx-uou ui t- _ , 

• 1 A^^r.T\\r the bmarv weighted DAC, the segment jjai^ compnsiug a 

According to a thirteenth aspect, a system mcludes a DAC ^^^rk that receives a multi-bit digital 
tlmt receives a mnlU-bitdigim^ ,3 J^S^e ^^i^^^ 

two analog signals each mdicative of a sum of values of bits S ^ ^.^^ ^ associated bit of the multi-bit 

in the multi-bit digital signal; and a signal conditiomng stage ^ ^ . I^^^s having an 

that receives at least two of the at least two analog signals. ^fj^^ capacitance that re^^^^^ 

According to a fourteenth aspect, a system mcludes a ^ response to the associated bit, at least two of the 

DAC that receives digital input signals at an input data rate piu^hty of sub DACs sharii^ chaise with one another, and 

and outputs analog signals mdicative of the digital signals to switched capacitor network outputs at least one analog 

a signal conditioning stage at an output data rate different ^.^^^ indicative of a sum of values of each bit in the 

than the input data rate. multi-bit signal. 

According to a fifteenth aspect, a method mcludes receiv- According to a twenty-third aspect, a system includes a 
ing a multi-bit digital signal, generating at least two analog 25 scrambler that receives input and provides output; and a 

output signals each indicative of a sum of values of bits in gviritched capacitor DAC tiiat has a plurality of capacitors 

the multi-bit digital signal; and filtering at least two of the at redistributes charge between at least two of the plurality 

least two analog output signals. of capacitors, coupled to the scrambler, that receives digital 

According to a sixteenth aspect, a system includes means ^^^p^^ scrambler, 
for receiving a multi-bit digital signal, means for generating 30 According to a twenty fourth aspect, a system includes a 

at least two analog output signals each indicative of a sum ^ ansiog converter that receives a multi-bit digital 

of values of bits in the multi-bit digital signal; and means for ^.^^ produces an analog output that is proportional to 

filtering at least two of the at least two analog output signals, ^^^^ multi-bit digital signal. 

According to a seventeenth aspect, a system includes a According to a twenty-fifth aspect of the invention, an 
DAC that receives a multi-bit digital signal and outputs at 35 ^^^g.^^^^g^tal converter has an analog comparison stage 

least two analog signals each indicative of a sum of values coupled to a digital latch stage, tiie analog-to-digital con- 

of bits in the multi-bit digital signal. yc^er including a feedback element through which an output 

According to eighteenth aspect, a method includes receiv- of the digital latch stage is fed back to an input of the analog 

ing a multi-bit digital signal, and generating at least two comparison stage, wherein the feedback element includes a 

analog output signals each indicative ofa sum of values of digital-to-analog converter. 

hits in tiie multi-bit digital signal. According to a twenty sixth aspect of the invention, a 

According to an eighteenth aspect, a system mcludes method for use in an analog to digital converter having an 

means for receiving a multi-bit digital s^nal, and means for analog comparison stage coupled to a digital latch stage 

generating at least two analog output signals each indicative includes coupling an output of the digital latch st^e back to 

of a sum of values of bits in the multi-bit digital signal. an input of tiie analog comparison stage tiirough a digital to 

According to a nineteenth aspect, a switched capacitor analog converter that receives a multi-bit digital signal and 

filter has a first switched capacitor comprising a switched produces an analog output proportional to tiie square of tiie 

capacitor witiiout substantial effects fi-om parasitic multi-bit digital signal. 

characteristics, and a second switched capacitor in parallel 50 According to a twenty seventii aspect of tiie invention, a 

with tiie first switched capacitor, tiie second switched handset for a mobile communication system includes an 

capacitor having effects from parasitic characteristics. input stage tiiat receives an input signal and outputs a 

According to a twentieth aspect, a system includes a multi-bit digital signal to a digital-to- analog conversion 

switched capacitor filter having a first switched capacitor system tiiat receives tiie multi-bit digital signal and outpi^s 

comprising a switched capacitor and a second switched 55 an analog signal indicative ofa sum of values of bits m the 

capacitor in paraUel witii tiie first switched capacitor, tiie multi-bit signal, and including a switched capacitor network 

second switched capacitor having characteristics including that receives a multi-bit digital signal, tiie switched capaator 

parasitic effects; and a DAC having a switched capacitor network having a pluraUty of sub DACs tiiat each receive an 

having characteristics including parasitic effects substan- associated bit of tiie multi-bit digital signal, each oi the 

tially corresponding to tiie parasitic effects of tiie second 50 plurahty ofsub DACs having an associated capacitance tiiat 

switched capacitor of tiie switched capacitor filter. receives an associated amount of charge m response to ttie 

According to a twenty first aspect, an apparatus includes associate bit, wherein tiie assodated amoimt of ch^^ for 

a capacitor ceU S a referee direction each of tiie plurality ofsub DACs ^ m dne^ P^I^^^^r^ 

Ld bS aSpted to electricalircomiect to a second a weigM of tiie bit, at least two of tiie plurah^ ofsub DAC^^ 

ScSramcE^ceU substanti^y identical to tiie first 65 sharing charge witii one anotiier, and tiie switched ^pacito^ 

S £S SpS Si, tiie second switched capacitor ceU network ' 

having a reference direction and being oriented such tiiat tiie sum of values of bits m tiie multi-bit signal. 
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According to a twenty eighth aspect, a system includes a HG. 15 is a block diagram of another embodnnent of the 

digital signal processmg stage that receives input and pro- switched capacitor DAC of PICj. 4, 

vides output; and a switched capacitor DAC that has a FIG. 16 A shows a schematic diagram of another embodi- 

plurality of capacitors and redistributes charge between at ment of the one-bit DAC of the switched capacitor DAC of 
least two ofthe plurality ofcapacitors, coupled to the digital 5 FIG. 13; 

signal processing stage, that receives digital output of the pjQ shorn a schematic diagram representative of 

digital signal processing stage. one embodiment of a switched capacitor cell which may for 

According to a twenty ninth aspect, a digital to analog example be use in forming a switched capacitor DAC; 

converter receives a first multi-bit digital signal and a second ^jq shows a schematic diagram of one embodiment 
multi-bit digital signal, and produces an analog output that lo of two switched capacitor cells to be interconnected; 

is indicative a product ofthe first multi-bit digital signal and ^^^^^ ^ schematic diagram of one embodiment 

the second multi-bit digital signal. switched capacitor cells to be oriented substantiaUy 

According to a thirtieth aspect, in an analog-to-digital perpendicular to one another and interconnected; 

converter having an analog comparison stege coupled to a ^ schematic diagram of one embodiment 

digital latch stage, a feedback element toou^ which an ^ffo^'s^it^^d capacitor cells to be intercomiected in a ring 

output of the digital latch stage is coupled back to an mput , " ^ 

ofthe analog comparison stage, wherein the feedback ele- airdngcm , riAr f^r^^H in nart 

ment includes a digital-to-analog converter that receives a FIG. 17 shows one embodiment of a DAC formed m part 

first multi-bit digital signal and a second multi-bit digital by the switched capacitor cells of FIG. 16E, 

signal and produces an analog output that is indicative of a FIG. 18 shows an embodiment of a switched capacitor 

product of the first multi-bit digital signal and the second DAC adapted to convert a binary weighted mput signal mto 

multi-bit digital signal. a corresponding analog signal; 

BR^DBSCR^ONOPIHEDHAWMOS ^^^^^^^^Z^'S^t^T' 

FIG. 1 is a block diagram of one embodiment of a portion ^ 20 is a block diagram of one embodiment of the 

of a handset for a mobile communication system that dAC portion of FIG. 3; 

includes a digital-to-analog conversion system; nG 21 is a schematic diagram iei»Esentative of one 

FIG. 2 is a block diagram of one embodiment of the embodiment ofthe DAC portion shown in FIG. 20; 

digital-to-analog conversion system of FIG. 1 and mcluding . ^ ^ schematic diagram representative of another 

a DAC portion with two DAC stages; embodiment of the DAC portion shown in FIG. 20; 

FIG. 3 is a block diagram of one embodmient of the DAC embodiment ofthe 

stage of HG. 2 that mcludes a switched capcitor DAC Jc stage of FIG 2 m includes a scrambler; 

mG. 4 IS a blodc diagram of one embodmient of the ^ ^^^^ ^^^^^ 

switched capacitor DAC of FIG. 3; hi 

FIG 5 is a block diagram of one embodiment of the scrambler, 

switSedcaUitorDAComG.4thatisadaptedt^ FIG. 25 is a schematic diagram repres^toUon of one 

a four-bit digital input signal into a corresponding analog embodmient ofthe DAC portion shown m FIG. 20, 

signal; FIG. 26 is a schematic block diagram of another embodi- 

FIG. 6 illustrates one embodiment of a non-overlapping 40 ment ofthe DAC stage of FIG. 2; 

three phase clock used in the operation of the switched HG. 27 is a schematic diagram of one embodiment of a 

capacitor DAC of FIGS. 7A-7C; portion ofthe DAC stage of FIG. 2 in combmation with one 

FIGS. 7A.7C are block diagrams showing the operation embodiment ofthe switched capacitor filter stage of FIG. 2; 

of the switched capacitor DAC of HG. 5 for each of three FIG. 28A is an illustration of a top view of one embodi- 

clock phases of a non-overlapping three phase clock; ^5 ^ switched capacitor cell; 

FIGS. 8A-8D are block diagrams showing the operation fIG. 28B is an illustration of a top view of another 

of another embodiment of the switched capacitor DAC for embodiment of a switched capacitor cell; 

each of four phases of a non-overlapping four phase clock; ^LG. 29 is a representation of a top view of one embodi- 

FTG. 9 shows one embodiment of a non-overlapping four j^^j^ ^ die layout of a DAC portion having a plurality of 

phase clock used in the operation ofthe switched capacitor ^w^^^ 

DAC of FIGS. 8A-8D; FIG. 30 is a schematic diagram of one embodiment ofthe 

FIG- 10 shows the operation of the switched capacitor continuous time filter state of FIG. 2; 

DAC of FIGS. 7A-7C on one phase of a non-overlapping 31 is a block diagram of one embodiment of a 

four phase clock; 55 squaring circuit; 

FIGS. IIA-IID are block diagrams showing t^eop^tion 

of another embodiment of the switched capacitor DAC of , * ^, , u - .^^r.w..r 

Sg 5 forSTfour ph^^ of a non-overlapping four HGS. 33 A-33C axe block diagrams show 

hase clock- embodiment of the squaring ciront of FIG. 32; 

^ HGS. 12A-12C are block diagrams showing the opera- «> FIGS. 34A-34C are block diagrams ^J^^ Jf^^^^on ^ 

tion of another embodiment of the switched capacitor DAC one embodiment of the squarmg circmt of FIG. 32; and 

of FIG. 5 for each of the three clock phases of a non- FIG. 35 is a block diagram of one embodiment of an 

overlapping three phase clock; analog to digital converter. 

FIG. 13 is a schanatic diagram of another embodiment of DETAILED DESCRIPTION 

the switched capacitor DAC of FIG. 4; 65 ^ ^. * ^* 

HGS 14A- 14C are block diagrams showing the opera- RG. 1 is a block diagram of one mbodnnent of a port^n 

tion of the switched capacitor DAC of FIG. 13; of a handset 50 for a mobile communication system. Hie 



us 6,917,321 Bl 

7 8 

handset 50 includes an input portion 52 having a transducer frequency as the SC filter stage. For example, one ^ml^f^^ 

54 that receives an input sig^ 56, e.g., a voice or other ment of the mobUe communication system uses a system 

acoustical signal, representing infonnation to be communi- clock running at 13 MHz, wherem the output data rate from 

cated via the mobile communication system. The transducer the GMSK modulator is 6.5 MHz, the cycle frequency ot 
54 converts the input signal 56 into an electrical signal, 5 each of the DAC stages is 6.5 MEIz, and the mput sample 

typically an analog signal, which is supplied to an analog- rate of the SC filter stage 90 is 13 MHz. 

to-digital converter (ADC) 58, for example a voiceband 3 is a block diagram ofone embodiment of the DAC 

ADC. The ADC 58 periodicaUy samples the electrical signal ^ ^j^^^^ receives a binary- weighted multi-bit digital 

and generates a sequence of multi-bit digital sign^, which ^2. The binary-weighted multi-bit 

are suppUed to a digital baseband processor 60. The base- . ^ ^^^^^ ^ binary-weighed LSB portion 

band processor 60 performs furtlier signal processmg, ^nd a binary-weighed MSB portion. In one embodiment, for 

including for example, compression. The output of &e ^^ample the binary weighted multi-bit digital signal is ten 

baseband processor 60 is supplied to burst store stage 62,. ^.^ . .^^^ ^^^^ portion is sk 

which feeds a GMSK modulator 64. The GMSK modulator suppUed to a switched capacitor (SC) 

64 produces multi-bit digital signals, which is supplied via j^^^ portion 110 of the DAC stage 86. The 

signal lines, represented by a signal line 66, to a digital to ^^^^ ^^^^ ^ an^^log signal corresponding to the 

analog conversion system (DAC) 68. The digital to analog represented by the LSB's. The MSB's are sii^jplied to 

conversion system 68 converts the sequence of mulu-bit ^ ^ .^^ . ^ processing stage 109 having a thermometer 

digital signals into an analog signal, which is supphed via ^^^^j 112 that converts the MSB's into an equally- 
signal line 70 to an output portion 72. The output portion 72 20 ^Q^ahxed multi-bit digital signal. The equaUy-weighted 

includes a mixer 74 that receives the analog signal on signal j^^^j.^it digital signal is input to a switched capacitor (SC) 

line 70 and feeds a transmitter 76, which m turn transmits the p^^. portion 110 of the DAC stage 108, 

signal DAC can be used in any digital to analog conversion. . ^ referred to herein as a segmented SC 

FIG. 2 is a block diagram of one embodiment of the j^^q because it forms an analog signal corresponding to the 
digital to analog conversion system 68, which utilizes a 25 value represented by the equally-weighted multi-bit digital 

differential I/Q configuration. An I channel 78 of the digital ^-g^^ ^^^g ^^^^i f^^j^ sc DAC 108 and the 

to analog conversions system 68 includes a block 80 that analog signal fi-om the segmented SC DAC 114 are summed 

receives the sequence of multi-bit digital signals on signal ^ ^nal ng signal, output on signal line 120. In 

line 66. The block 80 generates two sequences of multi-bit embodiment of the handset, the DAC stage generates 
digital signals, i.e., a first sequence of multi-bit digital 30 ^ 3 piiilion samples per second (MS/s). 

signals tMt is output on signal line 82, and a second 4 is a block diagram of one embodiment of a SC 

sequence of multi-bit digital signals that is output on signal ^ SC 

line 84, TTie second sequence of midti-bit digital signals is j^^^ ^ j^^^^ 5^ SC 

generated to be the complanent of the first sequence of ^^.^^^ ^ ^ ^^^^ ^ ^it^.^it^, 

multi-bit digital signals THe ^^^/^jj^^^^ ^^^^^^ ^5 Each bit has an associated weight, weight,,, -weight^-^. In 

digital signals represents a positive ;^^si«^^.^^^^^^ one embodiment, the weight of each bit is different than 

signal. THe second sequence of multi-bit dig tal signals ^^^^^ft^eothex bits. For7xample,bit,-bit^ may represent 

represents a negative version of the mput signal. binary-weighted bits. In another embodiment, bit^-bit^ are 

The first sequence of multi-bit digital signals is supphed equaUy-wdghted, and all of the weights, i.e., weight,,,i- 

to a first digital to analog converter stage 86, which gener- 40 ^eight;„.;^, are the same. 

ates analog signals that correspond to the first sequence of ^^^^ -^^^ 

multi-bit digital signals second «^^^ce f m^^^^^^^ J^^^^^ (SC sul^DACs) Lher described hereinbelow. 

digital signals is supphed to a second digital to analog ^^j^^f^j^^^sCsub-DACs sLes charge via a char^^ 
converter stage 88, winch generates anMog signjs tt^t 

correspond to the second sequ^ce f ^5 ^ ^^^^ ^ e.g., output,- 

nals. The analog signals fiom the first and fee ^nd DAC each indicative of a sum of values of the bits in the 

stages 86, 88 may be supphed to signal conditioning stage v^^^p^^^ 

89 tiiat may comprise an analog filter, for example, a . „ «p .r. ..j. 12A-12C 13 17 

switched capacitor (SC) filter stage 90, which may help FIGS. 5, 7A-7C, 8A-8C, 10, llA-UD, liA-izu, iJ, 1/, 

attSSS&^^^ 50 14A.14C 15 20 21,22,25,discb^^ 

signals. The SC filter 90 feeds a differential analog signal to of the SC DAC 150. 

the continuous time (CT) filter stage 92, which further Referring now to HG. 5, a block diagram shows one 

attenuates noise and/or distortion. The CT filter stage 92 embodiment of the SC DAC 150 that is adapted to convert 

passes a differential analog signal to a pad driver stage 94. a 4-bit digital input signal bit^, bit^, bits, bit4, into a 

The CT filter stage 92 has a first output that connects via a 55 corresponding analog signal, which is siq)phed to output 

first resistor 96 to a first pad 98. The CT filter stage 92 has temunal 160. The DAC 150 comprises four switched capaci- 

a second output that connects via a second resistor 100 to a tor DACs 162, 164, 166, 168, sometirnes refored to as 

second pad 102. A capacitor 104 has a first terminal con- sub-DACs. In tiiis embodunent, each of the sub-DACs 162, 

nected to the first pad 98, and a second terminal connected 164, 166, 168 is a one bit DAC. 

to the second pad 102. 60 The one-bit DAC 162 has a reference voltage VI oon- 

A Q channel 106 of the digital to analog conversion nected to a first terminal ofa switch SI, tiie second ternimal 

system 68 contains substantially the same components as the of which is connected to a first terminal ofa switch S2 and 

I channel 78 a first terminal of a switdi S3. A second terminal of tiie 

The output data rate from each of the DAC stages is switch S2 is connected to a reference voltage V2: A second 

typically the same as the input sample rate of the SC filter. 65 terminal of the switch S3 is comiected to a first t^mm^ of 

However,asisexplainedhereinbelow,mthepresentsys^ a capacitor CI that has a second terinmal comiected to a 

the DAC stages my or may not operate at the same clock reference voltage, e.g.. ground The digital signal bit^ is 
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presented to an input terminal 172 flom where it is supplied condition of the switch^ S3, S6 S9, and S12 ^ contioUed 

to the one-bit DAC 162 to control the "on" (i.e., dosed)/ by the P3 signal of the 3-phase clock. The PI of ^e 

"off' (i.e., open) condition of the switch SI. The digital 3-phase clock '^'^gl, "^^^'^^il^ ^.^^^^^^ 

signalWisW.supph^to^inve^l74^^^^ jgl^^S-Sf^ock J,,^,'^^ 

ates a signal at teraimal 176 used to control switch S2. 5 ^^^^^^ 

The one-bit DAC 164 has a reference voltage Y3 con- ^ particular, on clock phase P3, i.e. phase P3 has a logic 

nected to a first terminal of a switch S4, the second tenmnal ^^^^ „j„^^ capacitors CI, C2, C3, and C4 are each 

of which is connected to a first terminal of a switch S5 and ^Mrged to V^^ or, alternatively, discharged to ground in 

a first terminal of a switch S6. A second tennmal of the ^^^r^^e to the state of the associated one of the digital 

switch S5 is connected to a reference voltage V4. A second lo ^.^^^ ^.^^^ ^.^^^ ^.^^^ ^j^^ switches S13, 

terminal of the switch S6 is connected to a first temunal of g ^^^p^^ ^^^^^ §17^ are all in the open 

a capacitor C2 having a second terminal connected to a ^^^^^011, On clock phase PI, charging switches S3, S6, S9, 

reference voltage, e.g., ground. The digital signal bits is are aU in an open condition, and charge sharing 

presented to an input terminal 178 fix)m where it is supplied glitches S13 S14 S15 and S16 are all ui a closed condition, 

to the one-bit DAC 164 to control switch S4 and input to an i5 ^^^^ redistributed. On clock phase P2, all 

inverter 180 that generates a signal at teimmal 182 used to ctj^rgmg switches, i.e., S3, S6, S9, and S12, and charge 

control switch S5. sharing switches S14, S15, and S16, are in an open condi- 

The one-bit DAC 166 has a reference voltage V5 con- ^^mc P2, charge sharing switch S13 and output 

nected to a first termmal of a switch S7, the second terminal switch S17 are each in a closed condition wherein charge 

of which is connected to a first terminal of a switch S8 and ^ delivered to the output terminal 160. 

a first terminal of a switch S9. A second terminal of the mGS. 7A-7C are block diagrams showing the operation 

switch S8 is connected to a reference voltage V6. A second ^^^^ g^ j^^q j^q of piG. 5 for each of the 3 clock phases 

terminal of the switch S9 is connected to a first terminal of ^^^^ ^^^p^^ terminals 172, 178, 184, and 190 are 

a capacitor C3 having a second terminal connected to a guppUed with digital bit signals bit,, bits, bit3, bit^, having 

reference voltage, e.g., ground. The digital signal bitg is ^^^.^ ^^^^ q, 0, 0, respectively. Tables show the 

presented to an input terminal 184 fix)m where it is supplied relationship between the clock phase, and the state (i.e., 

to the one-bit DAC 166 to control switch S7 and mput to an voltage and charge) of the capacitors in the one-bit DACs. 

inverter 186 that generates a signal at tenninal 188 used to Referring now to FIG. 7A, on phase P3 of the 3-phase clock, 

control switch S8. all of the charge sharing switches S13, S14, S15, -and S16 

The one-bit DAC 168 has a reference voltage V7 con- ontpat switch S17, are in the open condition. The 

nectedto a first terminal ofa switch SIO, the second tenninal capacitor CI is charged to V^^ in response logic state 1 on 

of which is connected to a first terminal ofa switch Sll and terminal 172. Capacitors C2, C3 and C4 are all dischai^ed 

a first terminal of a switch S12. A second terminal of the ^ ground in response to the logic state 0 signals on te rminal s 

switch Sll is connected to a reference voltage V8, a second j^g^ 199^ respectively. Referring now to FIG. 7B, on 

terminal of the switch S12 is connected to a first terminal of pjj^gg pi Qf^^ 3-phase clock, all of the charging switches 

a capacitor C4 having a second terminal connected to a 53^ §5^ 59 §12 (FIG. 5) and the output switch S17 are 

reference voltage, e.g., ground. The digital signal bit4 is ^ ^ condition, and all of the charge sharing switches 

presented to an input terminal 190 fix>m where it is supplied §13^ 314^ S 15 and S 16 are in a closed condition, whereby 

to the one-bit DAC 168 where it is used to control chargmg cha^e is redistributed and resulting m the total charge on all 

switch SIO and mput to an inverter 192 that generates a capacitors bemg divided among all of the capacitors, 

signal at terminal 194 used to control switch Sll. if the capacitors CI, C2, C3, C4 all have the same capaci- 

The first terminal of each of the capacitors CI, C2, C3, C4 tance value C, then the charge is shared equally so that the 

is supplied to a first terminal ofa charge sharing switch S13, voltage across each capacitor becomes V„J4. Referring now 

chaise sharing switch S14, charge sharing switch S15, and to FIG. 7C, on phase P2, charge sharing switches S14, S15, 

charge sharing switch S16, respectively. The second termi- and S16 are in the open condition, ou^t switch S17 is in 

nal of each of the switches S13-S16 are connected to a first the closed condition, and capacitor CI (FIG. 5) of one-bit 

terminal ofa charging switch S17, that has a second terminal DAC 162 delivers its chaise to the output termmal 160. On 

connected to the output terminal 160. the next occurrence of phase P3 (not shown), the multi-bit 

In one embodiment, each of the digital signals bit,, bit^, 50 digital signal bit,, bit^, bit3, and bit^ may be upckted ^d 

bit3, and bit4 are equally-weighted. In such an embodiment, provided to the DAC 150 via mput termmals 172, 178, 184, 

the one-bit DAC 162. file one-bit DAC 164, tiie one-bit DAC 190. 

166, and the one-bit DAC 168 may have similar configu- in one or more embodiments charge sharing (i.e., mixii^) 

rations wherein, V1=V3=V5=V7, V2=V4=V6=V8, and tiie before delivering may help reduce non-linear ghtch energy, 

values of CI, C2, C3, and C4 are identical, or at least 55 However, a reduction in glitch energy need not be sought nor 

substantially identical. However, such similarity is not abso- obtamed in every embodiment, and is not a requirement of 

lutely required. In other equally-weighted embodiments, the the switched capacitor techniques disclosed herein, 

one-bit DAC 162, the one-bit DAC 164, the one-bit DAC -jiie accuracy of the signal(s) out of the SC DAC 150 

166 and the one-bit DAC 168 may not be identical. Each of depends at least in part on the degree of correspondence 

the switched capacitor sub-DACs employs charge approxi- 50 between the capacitors CI, C2, C3, C4. In some" embodi- 

mately equal to a constant K, times a weight(s) of the bit(s) ments it may be sought to have the components that are used 

into the switched capacitor sub-DAC. to employ ie switched capacitor techniques, e.g., CI, C2, 

In one embodiment, the reference voltages VI, V3, V5 C3, C4, match as closely as is possible limited only for 

and V7 are connected to a reference voltage and example by Umitations in manufacturing processes. In other 

reference voltages V2, V4, V6, V8 are connected to ground. 65 embodiments howeva, such matching may not be required 

The DAC 150 may receive a non-overlapping 3-phase or desired, but rather, all that may be desired is a degree of 

clock, PI, P2, P3, shown in FIG. 6. The closed/open correspondence to provide suitable DAC transfer character- 
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istics. THUS, in some embodiments they may be substantiaUy S18-S24 replay switoh^ iLl'Sto^^ 

identical, but in other embodiments they may not be sub- P^^^ 

stantiaUy identical. TlSc fta^^ 1 on ^terminal 172. Capacitors C2, C3, 

hi some embodiments, there may be one or more parasitic ^^^^ j^^^^ ^^4^ l^g^ respectively, are 

capacitance(s) that have an effect on the degree of 5 ^cj^^e^j to ground in response to the logic state 0 on 

correspondence, and it may be desirable, although not each of the input terminals 178, 184, 190. All of the charge 

necessary to the techniques described herein, to provide a gjiarmg switches S18-S23 and the output switch S24 are in 

parasitic capacitance(s) that has an effect that offsets an condition. Referring now to FIG. 8B, on phase P4 

effect of other parasitic capacitance. of the 4-phase clock, chaise sharing switches S18, S19, S20, 

The term switch as used herem is defined as any type of §21 are m the closed condition wherein the chaise on 

switching element. The term capacitor as used herein is capacitor CI (FIG. 5) of the one-bit DAC 162 is redistrib- 

defined as any type of capacitive element. The switches and Capacitor CI retains of the charge and capacitor C2 

the capacitors are not limited to any particular type(s) of ^jq 5^ of one-bit DAC 164 receives \^ of the charge, hi the 

switching element and capacitive element, respectively. event that either capacitor C3 or capacitor C4 had charge, the 

Thus for example, a switchmg element may be a single ^ charge would be redistributed between capacitor C3 and 

element. As another example, a switching element may capacitor C4. 

comprise a plurality of elements that function as a switch. As Referring now to FIG, 8C, on phase PI of the 4-phase 
a further example, a capacitive element may be a capacitor. ^^^^^ charge sharing switches S19 and S21 are in an open 
As a further example, a capacitive element may comprise condition. Charge sharing switches S22 and S23 are in a 
one or more elements that provide capacitance. closed condition, the charge on capacitor CI of the one-bit 
A switch may include but is not limited to one or more j^^q 152 is redistributed between capacitor CI and capaci- 
active elements (for example one or more transistors) and ^or C3 of the one-bit DAC 166. hi particular, in one 
may but need not employ MOS technology. A capacitor may embodiment the charge on the capacitor CI is divided 
include but is not limited to metal, polysilicon and double ^ substantially evenly between capacitor CI and capacitor C3 
polysilicon, metal metal, metal poly, poly diffusion, g^^h that each ends up with substantially one half of the 
semiconductors, junction capacitors, parallel plate charge on capacitor CI in FIG. 8B, i.e., one quarter of the 
technology, adjacent conductors, flinging capacitors. ^otal charge on capacitor CI in FIG. 8A. Referring now to 
Although described above with respect to an input signal fig. 8D, on phase P2 charge-sharmg switches S19, S20, 
having logic states of 1, 0, 0, 0, the u^ut signals can have 3^ S21, and S23 are in an open condition. Also on phase P2 
logic states with any combination of ones and zeros. switches S18, S22, and S24, are in a closed condition 
hi another embodiment, the digital signal bit,, bit^, bit3, whereby capacitor CI fflG. 5) of the one-bit DAC 162 
and bit4 are binary-weighted bit signals. In such delivers its charge to the output termmal 160. 
embodiments, the weight of the digital bit signals bit, , bit2, Referring now to FIG. 10, in another embodiment, the SC 
bit3, and bit4 are 1, 2, 4, and 8, respectively. To accommo- 35 DAC 150 described with respect to FIGS. 7A-7C operates 
date these various weights, each oftheSCDACsutihze an with a non-overlapping four-phase clock, e.g., the four- 
amount of charge proportional to the weight of the bit signal phase clock iUustrated in ¥10. 9 instead of the three phase 
suppUed to the SC DAC. Thus, CI is provided with 'A of the of FIG. 6. On phase P3 of the four phase clock, the condition 
charge provided to C2, 'A of the charge provided to C3, and of the SC DAC 150 is the same as that described above with 
Vs of the charge provided to C4. hi other words, the charge 40 respect to FIG, 7A. On phase P4 of the four phase clock, the 
provided to C4 is 8 times that provided to CI, 4 times that condition of the SC DAC 150 is the same as that descnbed 
provided to C2, and 2 times that provided to C3. On clock above with respect to nG. 7B. On phase PI of the four phase 
phase PI, switches S13-S16 are in the closed condition, clock, the condition of the SC DAC 150 is the same as that 
whereby charge is redistributed among the capacitors so that described above with respect to FIG. 7C. FIG. 10 shows the 
the voltage across each of the capacitors is indicative of the 45 state of the SC DAC 150 on phase P2 of the four phase 
sum of the values of the bits in the multi-bit signal. The clock. On phase P2 of the four phase clock, the chargmg 
charge on each capacitor is equal to the voltage across that switches S3, S6, S9, S12 (HG. 5) are in the open condition, 
capacitor multiplied by its capacitance. On the phase P2, the charge sharing switches S13, S15, S16 are m the open 
outer switch S17 is in the closed condition and one of the condition, and switch S14 and output switch S19 are m the 
capacitors deUvers its charge to the output terminal. 50 closed condition, wherein C2 of the one-bit DAG delivers its 
hi one embodiment, these DAC 108 (FIG. 3) is formed charge to the output terminal 160. Thus, m such 
using a SC DAC 150, where the size of each capacitor CI, embodiment, two copies, each mdicative of the sum ot the 
C2 C3 C4 of the one-bit DACs 162, 164, 166, 168, values of the bits m the multi-bit digital input signal, aore 
resi)ecti;ely, is scaled directly proportionate to the weight of separately dehvered to the output termmal. As. d^oibed 
the W^^weighted bit input to the one-bit DACs 1^^^ 55 above, in this embodmient, they are deh^^ one after th^ 
166 other. However, in another emboduneut, they may. be dehv- 

FTGS 8A-8D are block diagrams showing the operation ered sunultaneously. , . .t. • ^ 

of another embodhnent of the SC DAC 150, for each of 4 HGS, llA-UD are bl^k diagram sh^^ 

phases of a non-overlappmg four phase clock (FIG. 9) if of the ^bodimoit of HG. 5 J>^^^,.^^^ 

bput terminals 172, 178, 184. 190. are suppUed with digital 60 ^o^^-overiapprng four phase c ock (nG. 9) if 

to signals bit, , bit^ bit3 bit,, having logic states of 1. 0. 0, 172. 178. 184. 190 are supphed wi^ digital bit ^^^s ^> 

0 relpe^vely T^les show the relationship between the bit,. bit3, bit,. 593 havmg logic states of 1. 0 0, 0. respec- 

ciodc ^se and the state {i.e., voltage and charge) of the tively. Tables show the relationship betw^ the clock phase 

capacitors in the one-bh DACs. The non-overiappmg four andthestote(i.e^voltage^^^ 

pl^ise clock may be derived from a master clock (HG. 9). 65 o^^-bitDACs.neembodim^ s^^ 

The embodiment shown m HGS. 8A.8D is the same as that the same as that shown m HG. 5 and FIGS^ 7A-7C. except 

shown in HG. 5 and HGS. 7A-7C. except that switches that switches S18-S27 replace switches S13-S17..-. 
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Referrma now to FIG llA, on phase P3 of lie 4-phase DAC 162 (FIG. 5) and C3 of one-bit D AC 166 fflG. 5) 

cloS^dto^Cl of i^e onelbit DAC 162 is charged to a delivers their ctoge to ^e output temmd m^^^^^ next 

votoge vL,in response to the logic state 1 on input tenninal phase P3 (not ^how). tte multi-brt d^|ite^ f^^&^SB 

in Capa^tors C2. C3, and C4 of the one-bit DACs 164, bit3,andbit, may be updat^ aad P^ov^ded to the DAC 150 

166, 168, respectively, are all discharged to ground m 5 via mput terminals 172, 17», in^, iw .„f 

res^nse to the logic state 0 on each of the input terminals FIG. 13 is a schematic diagram ofanotoembodment of 

mm m. AU of the charge sharing switches S18-S21. Je SC DAC 150. which recewes the 4-bit JagM s.g^. 

SIS S27 are in the oneu conation Referring now to FIG. biti, bitj, bitj, bit^, on mput termmals 172 178. 184. and 

!>25-b27 are m me opeu conuiuoa. ^^-f"^!^ respectively, and outputs an analog signal on output 

IIB, on phase P4 charge sharmg switches S18. S W. §20 f^^^Q hMve of a sum of the vllu« of the bits in 

and S21 are in a closed condition wherem on 10 ^^^SS- to tiis embodiment, the SC DAC 150 

capacitor CI (FIG. 5) ^^^^ °'^f:bit DAC 162 is ^^^^ ^^^^it DACs 202. 204, 206, 208 which are 

redistributed, whereby capacitor CI retons of the ch^e ^oj ^^^^ ^^^^ 

and capacitor C2 (FIG. 5) of one-bit DAC 164 receives A of ^ ^^^^ ^^^^^ 202, 204, 206, 208 each have 

the charge. Inthe evait that either capacitor C3 or capacitor ^ additional path 212, 214, 216, 218, respectively, that 

C4b had Chaise, the charge would be redistributed between u connects to the respective capacitor CI, C2,C3,C4. The first 

capacitor C3 and capacitor C4. tenninal of the capacitor CI connects to a first terminal of a 

Referring now to FIG. IIC, on phase PI, charge sharing Omge sharing switch S43, a second terminal of which 

switches S19 and S21 are in an open condition and charge comiects to the first terminal of the capacitor C2. The first 

sharing switch S26 is in a closed condition. The charge on terminal of the capacitor C2 further connects to a first 

capacitor CI of the one-bit DAC 162 is redistributed 20 tenninal of a charge sharing switch S44, a second ternunal 

between capacitor CI and capacitor C3 of the one-bit DAC of which connects to the first terminal of the capacitor C3 

166 hi particular, the charge on the capacitor CI is divided which is flirther connected to a first texmnal of a charge 

substan^ny evenly between capacitor CI and capacitor C3 sharing switch S45. A second tenninal of tte charge sharing 

sSftTeachTnds up wilh the chaige on capacitor CI in switoh S45 is comiected to the first termma^ of the capacitor 

suchmteacnenos i^ mm ^ ^^^^ ^^^^^ ^ ^ ^ termmal of a charge 

FIG. IIB i.e.. A of the totel Charge 0° ^apac^ 25 ^ ^^^^ ^^^^ ^^^^ 

; ^S20 S^l ^26 2k S27 aSb afS sSs46 comiects to the first temiinal of the capacitor CI. 
switches S19, S20. S21 S26 and S27^ m m .^^^ comiected to 

w"™LftScro/S oTe-StS.?J6l aptenninalofanoutputswi^.a^^^^^^ 
(FIG 5) deUvers its charge to the output terminal 160. 30 which comiects to the output termmal 160. 
SSough sS is Tan open con(htion on phase P2 HGS. 14A-14C are block diapams showmg the opm- 
^rSSSnot deUver charge, in Stiier embodiments, switch tion the SC DAC 150 0/ ^IG. 13 if input terr^ 172. 178, 
S27 may be configured to be in a closed condition on phase 184, and 190 are supphed witii digital bit signals, bitj^b^t, 
P2 sX switch S27 deUvers a copy of the charge, which bit,, bit,, ha^mlg logic stetes of 0,0.0 respe^^^^^ 
is in addition to the copy deUvered by switch S25. In still 35 show the relationship betweai tiie dock phase and the state 
4ther embodiments, Z additional clock phase, e.g., a (i-c. voltage and charge) E^^the capaa^ors m the on^^^^ 
phase P5. is provided and switch S27 is used to deUver a DACs. Refeinng now to FIG. 14A. on Pjf ^e P3 of toe 
conv of the charge on phase P5 3-phase dock, all of the diarge sharmg switch^ S43, S44, 

nGs T2rS: ^C dagiams showing the opera- S45, and S46 and the output switoh 847 are m the open 

show the relationship between the clock phase and tiie state on y . , . ^j^^ 

(ie voltage and charge) of the capadtors in the one-bit 45 switches S3, S6. S9 and S12(nG^ 13) aM toe ou^m^^^^ 

ternSiSm (S)I:itoR 5 C3 and C4 are all disdiarged that the voltage across each capacitor becom^ V„y4. Refer- 

^^^BSis^^ iTS\St^D^?^rd«K^ 

L'^n'o'iS ^ioS2 sS s^'dies torrnina. 160. Oi the .^^^^ (not^^^J^^^ 

S28-S31are in a dosed condition, wherein the charge on bit digitel sig^ bitp bit,, bit,, and ^^^y^J"^^^ 

caTacitor CI (FIG. 5) of the one-bit DAC 162 is provided to the DAC 150 via mput termmals 172, 178. 184. 

redistributed, whereby capadtor CI retains 14 of the charge 60 190. c^u r.Ar- o„h ^ifrh 

andcapacitorC2(nG 5)ofone-bitDAC 164 recdves '.4 of Other embodiments have «^5, ^AC and switch 

the die. In the event that dther capacitor C3 or capadtor arrangements and configurations. For f xample. m one 

C4 Ml charge, the charge would be redistributed between embodiment, the DAC mcludes one-bit DACs that 

capadtor CSa^i capSr C4. Referring now to RG. 12C. substantially identical to one another and "nto-com^ed 

on phase P2 of the 3-phase clock diarge sharing switdies 65 through the switch n^ork to^ |m OP^ ^T^ 

S29 and S31 are in the open condition, switches S32 and S33 sudi embodunent bemg referred to herem as a snake 

are in the dosed condition, and capacitors CI of one-bit arranganenf. 
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HG 15 is a block diagram of another embodimeat of tiie In such position and orientation, the terminal 314 on SC cell 

SCDAClS.wWchissLlartotheSCDAClSOillustrated 3W electricaUy com^ects to itoe « 

in FIGS. 9, lOA-lOC. except that the SC DAC 150 of FIG. 300A, lhaeby «>uplmg "^P^f "V^h s^t^ S43A 

15 forther comprises a switch S48, a switch S49, and a capacitor C2A of SCceU 3J0A through s;«^^^^ 
switch S50. A first terminal of the switch S48 is connected 5 Referring now to FIG. 16D. in some embodiments, me SC 

to the second terminal of the charge sharing switch 843. A ceU 300 is further adapted to electncally connoa to the SC 

first terminal of the switch S49 is comiected to the second ceU 300A if the SC ceU 300A is 

terminal of the chaise sharing switch S45. A first terminal of SC cell 300 and oriented such that its refer^ce d^ection is 

the switch S50 is connected to Hie second teiminal of the directed in a direction havmg a predetenmned angular offiet 
charge sharing switch S46. Each of the switches S48, S49, ,0 from the reference direction D300 of the SC cell 300. In Uns 

andSSOmay but need not serve one or more of the fimctions embodiment, the predetermmed angular offset is nmety 

noted hereinbelow. m one embodiment, one purpose of the degrees. In other embodiments, other predetermined angular 

switches S48, S49, 850 is to provide parasitic capacitance ofisets may be employed. In such position and onentauon, 

similar to that of output switch S47. so as to help cancel the the terminal 312 on SC cell 300 electiically comiects to the 
effect of the parasitic capacitance of switoh S47. ,5 temiinal 311A on 8C cell 300A, thereby coupbng capacitor 

FIG. 16A shows a schematic diagram of another embodi- C2 of SC cell 300 to capacitor C2A of SC cell 300Atiirough 

ment of a one-bit DAC 221, that includes the one-bit DAC switch S48A. ,„ cr ,^,1 

204, the switch 843 and tiie switch 848 of tiie 8C DAC 150 FIG. 16E shows four identical SC cells i.e., an SC cell 

of FIG 15 The one-bit DAC 204 includes a switched 300, an 8C cell 300A, an SC cell 300B, and a SCceU 300C. 

capacitor (SC) portion 220 and a switch confrol portion 222. The SC cell 300 has a reference directwn D300. "Hie SC cell 

nie SC portion 220 includes the switch 84, the switoh 85, 300Ahas a reference direction B^^. T^ie SC ceU 300B has 

and the capacitor C2. The switch cont-ol portion 222 has an a refermce direction D^oob- The SC cell 300C has a rcier- 

AND gate 223A that recaves the phase signal P3 and the ence direction B^oc- The SC ceU 300A is oriented such tiiat 

digital signal bit, and outputs a signal, on signal Une 223B. its reference direction D3oo^is directed in a direction offset 
that is used to contiol the switch S4. The digital signal bit, ^5 ninety degrees from the reference du-ection D300. Tbe S>L 

is further provided to the inverter 180, which outputs a cell 300B is oriented such fliat its referent^ dnectirai D300S 

signal 182 that is suppUed to an AND gate 223C that fiirther is directed in a direction offiet nme^ degrees from tiie 

receives the phase signal P3 and outputs a signal, on signal reference direction D3oo^- The fourUi SC ceu JUUi. is 

line 223D that is used to control the switch 85. oriented such that its reference direction D300C is directecl m 
FIG 16B shows a schematic diagram representative of 30 a direction oflfeet ninety depees from the refer^ce direction 

oneembodimentofalayoutofaswitchedcapacitorcell(SC D300.. S^^^^^^f?^^ ^^n^fS 4c^SS • 

cell) 300, which may be used for example in forming a SC ment". If the SC ceUs 300, 300A, ^OB, 300C are positioned 

DAC. Inks embodhnent, tiie SC cell 300 comprises tiie SC adjacent to one anotiier and oriented f %f °[ 

DOTtion 220 (FIG. 16A) of the one-bit DAC 204 (16A) the SC cells has a switch temmal 311 connected to a 

S3ngtheswitchS4,LswitohS5,andtiiecapacitorC2. 35 ^P^-^it-^^^l^nofaneighboi^gSC^U^^^ 

He SC cell 300 fiirther includes switch 843. switch S48, has a capacitor terminal 312 comiected to a switch termmal 

and conductors to provide control signals to flie switches of 311 of a neighboring ceU 

the SC cell 300 For example, SC ceU 300 includes a FIG. 17 shows one embodiment of tiie SC DAC isu tnat 

conductor witii a terminal 302 to provide a control signal to is formed, at least in part, by SC cells arranged into a nng 

switoh 848, a conductor witii a terminal 304 to provide a 40 arrangement", hi tiiis embodiment, toe SC DAC 15U 

control signal to switoh 843, a conductor witii a terminal 306 includes four one-bit DACs 202, 204, 206. 208. The one- bit 

to provide a control signal to switch S4, and a conductor DAC 202 includes an SC ceU 300A and a switoh contiol 

wito a terminal 308 to provide a confrol signal to switch 85. portion 350. The one-bit DAC 204 mcludes an SC cell 300B 

The SC ceU fiirthw includes a conductor witii a terminal 310 and a switch contiX)l portion 352. The one-bit da*., iw 

to connect to a terminal of flie switch 843, a conductor witii 45 includes an SC ceU 300C and a switoh confrol porbon 354. 

aterminal311toconnecttoaterminaloftheswitchS48.and The one-bit DAC 208 includes tiie SC ceU 300D and a 

fiirther includes a conductor witii a set of terminals 312, 314 switch confrol portion 356. Tlie SC cell 300Ahas a reference 

to comiect to tiie capacitor C2. Tlie terminals 302, 304, 306, direction D,^^. Tie SC ceU 300B has a reference direction 

308 310, 311, 312. 314, are disposed along tiie perimeter of D300B. The SC ceU 300C has a refermce dnecbon T>^. 

tiie SC ceU 300 The SC cell has a reference direction D,^,. 50 The SC cell 300D has a reference direction D3ood- ine 

hi tiiis embodiment, tiie footprint of each SC ceU is square reference direction D,^ is directed in a direction tiiat is 

or at least substantially square. In anotiier example oflfeet ninety degrees from tiie refermw duectionDj^^^^^ 

^iSdiment. tiie footprint Zy be octagonal or at least reference direction D300C Jf directed in a Section fliat is 

substantially octagonalln one embodiment, switchtemiinal offietninety degrees from tiie refermcedire^on^^^^ 

310 has substanti^y identical composition and surface area 55 reference dnection D,ood is directed m a dnertion tiiat is 

as switch terminal 311, and conttibutes tiie same amount of offset ninety degrees from flie reference direction ^^ooc- 

capacitance as switoh terminal 311. In one embodiment, ttie ITie digital signal bitj and tiie phase P3 signal are supplied 

capacitor is disposed such tiiat tiie center of tiie c^acitor to tiie switoh confrol portion 350, which generates switc^ 

coincides witii, or at least substantially overlays, flie center confrol signals, on s^ lines 360, 362 siq^phed to Oie bC 

of tiie footprint of tiie 8C cell. so ceU 300A. THe digital signal bit, and the phase P3 signal are 

Referring now to FIG. 16C. an SC ceU 300A is schemati- suppUed to tiie switch confrol portion 352 which geiimtes 

cally identical to flie SC ceU 300. The SC ceU 300A has a switoh confrol signals, on si^ hnes 364. su^li^ to 

S^S^direction D300.. The SC ceU 300 is adapted to flie SC ceU 300B. The digital signal bit, and the phase P3 

SSSy^onnect to toe SC cell 300A if tiie SC cell 300A signal are suppUed to tiie switch control portion 3H wlu^ 

is positioned adjacent to flie SC cell 300 and oriented such 65 generates switcj conttol agnjds on si^l lin^; 368. 370 

Sir 4 refe4i direction D3oa. is directed in flie same suppUed to tiie SC ceU 300C TUe digital signal W4 and the 

S^ection as flie reference dire<^n D300 of flie SC ceU 300. phase P3 signal are supphed to tiie switoh confrol portion 
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356, which generates switch control signals, on signal lines 
372, 376 supplied to the SC cell 300D. 

FIG. 18 shows an embodiment of the SC DAC 108 (FIG, 
3) that is adapted to convert a two bit binary- weighted input 
signal biti, bits into a corresponding analog signal. This ^ 
embodiment of a switched capacitor DAC is disclosed in 
F-J. Wang et al., "A Quasi-Passive CMOS Pipeline D/A 
converter'', IEEE Journal of Solid State Circuits, Vol. 24, no. 
6 Dec 1989, pp. 1752-1755. In this embodiment of the SC 
DAC 108, the values of ClOl, C102, C103 are substantially lo 
identical. The SC DAC 108 receives a non-overlapping 
3-phase clock, PI, P2, P3, e.g., shown in FIG. 3. The 
closed/open condition of the switches S102, S103, S104, 
S105, S106, S109 is controlled by the 3-phase clock. The 
closed/open condition of the switches SlOO, SlOl, and the 
switches S107, S108 are controlled by the logic state of the 
LSB and the MSB, respectively. 

FIGS. 19A-19C are block diagrams showing the opera- 
tion of the SC DAC 108 of FIG. 18 for each of the 3 clock 
phases in the event that the LSB and the MSB digital input 
signals have logic states of 1, 0, respectively. Tables show 
the relationship between the clock phase, and the state (i.e., 
voltage and charge) of the capacitors in the one-bit DACs. 
Referring now to FIG. 19 A, on phase PI of the 3-phase 
clock, switch S102 and switch S 104 are in the closed 
condition whereby capacitor C102 is discharged to ground, 
and capacitor ClOl is chained to V^^^in response to the state 
of the LSB. Referring now to FIG. 19B, on phase P2 
switches S102 and S104 are in the open condition. Switch 
S 103 is in the closed condition whereby ClOl and C102 split 
the chaige initially stored on ClOl. Because the capacitors 
ClOl and C102 have the substantially the same capacitance 
value, the charge is shared equally so that the voltage across 
each capacitor becomes V^y2. Referring now to FIG. 19C, 
on P3 of the 3-phase clock charge sharing switch S105 is in 
the closed condition, S102-S104, S106, and S109 are in the 
open condition. ClOl and C103 share charge, m specific, 
ClOl and C103 spUt the charge fiom ClOl. Because the 
capacitors ClOl and C102 have substantiaUy the same 
capacitance value, the charge is shared equally so that the 
voltage across each capacitor becomes V^y4. On the next 
phase PI (see FIG. 19A for switch configuration), output 
switch S109 is in the closed condition, and capacitor C103 
delivers its charge to the output. 

FIG. 20 is a block diagram of another of the DAC portion 
110 of the DAC stage 86 shown in FIG. 3. In this 
embodiment, an output terminal 111 of the SC DAC 108 for 
processing the MSB of the binary-weighted multi-bit digital 
input signal is coupled to one of the charge sharing switches 
of the segmented SC DAC 114 (FIG. 3). 

FIG. 21 is a schematic representation of one embodiment 
of the DAC portion 110 shown in FIG. 20. In this 
embodiment, the DAC portion 110 includes an SC DAC 150 
such as that described above with respect to FIG. 17. TTie 55 
DAC portion 110 further includes an SC DAC 108 (only 
MSB portion shown), such as that described above with 
respect to FIG, 18. A one-bit DAC for processing the MSB 
includes a SC cell 380 and a switch control portion 382. The 
d^ital signal MSB and the phase P2 signal are supplied to eo 
the switch control portion 382, which generates switch 
control signals on Imes 384, 386, that are supplied to the SC 
cell 380. An output taminal of the SC cell 380 is coupled to 
one of the SC cells 300A, 300B, 300C, 300D, e.g., SC cell 
300D. 65 

In this embodiment, the SC DAC 108 and the SC DAC 
150 each receive a non-overlapping three phase clock. On 



phase P2, the one-bit DAC of the MSB of the SC DAC 108 
undergoes pre-charge in accordance with the logic state of 
the MSB signal into the SC DAC 108. On phase P3, a chaj^e 
sharing switch of the SC DAC 108 is in the closed condition, 
whereby the one-bit DAC of the MSB portion of the SC 
DAC 108 shares charge with the preceding one-bit DAC of 
the SC DAC 108. Also on phase P3, the SC DAC 150 
undergoes precharge in accordance with the multi-bit digital 
signal, bitj, bit^, bits, bit^. On phase PI, the charge sharing 
switches of the SC DAC 150 are in the closed condition, 
whereby chaige is redistributed among the one-bit DACs in 
the SC DAC 150 and the one-bit DAC of the MSB of the SC 
DAC 108. On phase P2, switch S48 is in the closed 
condition, and one of the one-bit DACs of the SC DAC 150 
delivers charge, i.e., a data sample, to the output terminal 
120 of the DAC portion 110 of the DAC stage 86 (FIG. 3). 

FIG. 22 is a schematic representation of another embodi- 
ment of the DAC portion 110 shown in FIG. 20. M this 
embodiment, the SC DAC 150 includes 3 one-bit DACS, 
202, 204, 206. In this embodiment, unhke the embodiment 
of FIG. '21, the MSB portion of the SC DAC 108 is 
positioned in the "ring arrangement" of the SC DAC 150. 
Thus, besides the SC cell 380 used for the MSB portion of 
the SC DAC 108 (FIG. 3) there are three other SC cells m 
the ring arrangement. Operation of the DAC portion 110 
shown in FIG. 22 is similar to that described above with 
respect to the DAC portion 110 of FIG. 21. 

FIG. 23 is a block diagram of another embodiment of the 
DAC stage 86, which receives a binary-weighted multi-bit 
digital signal on signal line 82. The binary-weighted multi- 
bit digital signal is divided into a binary-weighted LSB 
portion and a binary-weighted MSB portioiL The LSB's are 
suppUed to a switched capacitor (SC) DAC 108 that forms 
an analog signal corresponding to the value represented by 
the LSB's. The MSB's are supplied to a thermometer 
encoder 112 that converts the MSB's into an equally- 
weighted multi-bit digital signal. The equaUy-weighted 
multi-bit digital signal is input to a scrambler 400, and help 
reduce the effects of the noise and/or distortion produced by 
the digital to analog converter. The scrambler 400 outputs 
equally-weighted scrambled bits which are supplied to a 
switched capacitor (SC) DAC 114. The SC DAC 114 forms 
an analog signal corresponding to the value represented by 
the equally-weighted, scrambled, multi-bit digital signal. 
The analog signal fi-om the SC DAC 108 and the analog 
signal fiom the segmented SC DAC 114 are summed at 118 
to form an analog signal, output on signal Ime 120. 

FIG. 24 is a block diagram of one embodiment of a four 
bit scrambler 400 that receives a three bit digital input 
signal, bit^, bit^, bit^. A scrambler is typically most effective 
when all of the scrambler inputs receive data. The extra 
input(s) of the scrambler may for example be "hardwired" to 
a logic state, i.e., a 1 or a 0. In this event that an input(s) of 
a scrambler is hardwired, it may be desirable to hardwired 
a corresponding number of DAC input(s), to a logic state 
opposite to that used for the extra input{s) of the scrambler. 

The scrambler may be any type of scrambler. For 
example, various scramblers and scrambler configurations 
are disclosed in U.S. Pat Nos. 5,977,899 and 5,404,142, and 
in Kwan, Tom, et al.. "A Stereo Multibit Sigma-Delta DAC 
with Asynchronous Master-Clock Interface". IEEE Journal 
of SoHd-State Circuits, Vol. 31, No. 12, Dec. 1996, pp. 
1881-1887. In addition, the scrambler may use any of 
various schemes, e.g., data directed, random swapping. 

FIG. 25 is a sdtiematic representation of one embodiment 
of the DAC portion 110 of the DAC stage 86 shown in FIG. 



us 6,917,321 Bl 



19 



20 



20. In this embodiment, unlike the embodiment of FIG. 22, 
the MSB portion of the SC DAC 108 is one of six SC ceUs 
in a ''ring arrangement". Thus, besides the SC ceU 380 used 
for the MSB portion of the SC DAC 108 (FIG. 3) there are 
five other SC cells in the ring arrangement, namely, SC cells 5 
300A-300E In this embodiment, the five SC cells 300A- 
300E form a segmented SC DAC 114 (FIG. 3). SC cell 380 
and SC cell 300D are similarly oriented to each other, i.e., 
D380 and D300^ are directed in similar direction to each 
other. Likewise, SC cell 300B and SC cell 300E are similarly 
oriented to each other. 

Hie bits bit,, bit^, bitg, bit4, of the multi-bit digital signal 
are supplied to the SC cells 300A, 300B, 300C, 300D, 
respectively. The SC cell 300E may be supplied with a signal 
having a "hardwired" logic state, hi some embodiments, 
supplying such an input signal has an effect on the "gain" of 
the SC DAC 114 (FIG. 3). Some embodiments may provide 
compensation for any "gain" effect. Compensation may for 
example be provided in the digital signal processor stage 
109 (FIG. 3), the signal conditioning stage 89 (FIG, 3), or in 
the DAC portion 110 (FIG. 3), or any combmation thereof 20 
In addition, the input signal may be of a type that does not 
result in a "gain" effecf *. If an input signal is supplied to the 
SC cell 300E, tiie signal is not limited to one hardwired to 
a logic state but rather may be any type of signal, and may 
be time varying or non-time varying. 25 

FIG. 26 is a schematic block diagram of another embodi- 
ment of tiie DAC stage 86 (FIG. 3). An MSB portion of an 
equally-weighted multi-bit digital signal is input to the 
scrambler 400, which outputs equally-weighted scrambled 
bits to a gating stage 420. The gating stage 420 (skteen 30 
gatittg stages) further receives one of the clock phase 
signals, e.g., P3, and outputs gates, equally-weighted 
scrambled bits to a switched capacitor (SC) DAC 114. The 
' SC DAC 114 forms an analog signal corresponding to the 
value represented by the equally-weighted, scrambled, 35 
multi-bit digital signal. The analog signal fix)m the SC DAC 
108 is suppUed to the segmented SC DAC 114, which form 
an analog signal, on signal line 120, corresponding to the 
value represented by tiie multi-bit digital signal input to the 
DAC stage 86. Scrambler 400 finther receives an input 
signal for example ha^dng a logic state of 1. An additional 
gating stage 421 receives an input signal for example having 
a logic state of 0. Thus there are seventeen gating stages in 
total. 

la one embodiment, tiie DAC stage 86 (FIG. 3) operates 45 
at a cycle rate lower tiian tiiat of the SC filter stage 90, for 
example, tiie DAC stage 86 (FIG. 3) may operate at a cycle 
rate of 6.5 MHz and tiie SC filter may operate at a cycle rate 
of 13 MHz. 

Digital-to-analog conversion often results in noise, e.g., 50 
quantization noise, and/or distortion, caused for example, by 
non-linearities, e.g., integral and/or differential, witiiin the 
digital-to-analog converter, which in turn is caused by, 
among otha: tilings, mismatching of analog components 
within the digital-to-analog converter. As stated above, 55 
signals fix>m the digital to analog converter may be supplied 
to a signal conditioning stage tiiat may comprise an analog 
filter, for example, a switched capacitor (SC) filter stage. The 
signal conditioning stage may help attenuate noise and/or 
distortion components of tiie analog signals, for example, by 60 
removing out of band noise. However, a reduction in any 
particular noise and/or distortion need not be sought nor 
obtained in every embodiment, and is not a requirement of 
file signal conditioning stage or tiie switched capacitor 
techniques disclosed herein. 65 

FIG. 27 is a schematic diagram of one embodimeat of a 
portion of tiie DAC stage 86 in combination with one 



embodiment of tiie SC filter stage 90. hi tiiis embodiment, 
tiie DAC stage 86 and tiie SC filter stage 90 each receive a 
non overlapping four phase clock. However, tiie cycle rate of 
tiie DAC stage, is less, e.g., about 50% less tiian tiie cycle 
rate of tiie SC filter stage 90. In this embodiment, tiie output 
of tiie SC DAC is in tiie form of charge packets, which are 
provided to tiie switched-capacitor filter as described below. 
Data may be pipelined tiirough tiie digital-to-analog con- 
verter and into tiie switched capacitor filter, wherein tiie 
output data rate of tiie digital-to-analog converter is matched 
to tiie input data rate requirements of tiie switched capacitor 
filter. 

The output of tiie mput op amp is valid on phase P3 and 
on phase PI. On phase P3, tiie one-bit DAC 202 and one-bit 
DAC 204 pre-charge in response to the logic state of bitj and 
bit2, respectively, as described above witii respect to FIG. 
13. DAC stage switches S59, S60, S61, and S62 are in tiie 
open condition. Also on phase P3, SC filter stage switches 
S63, S64, S68, S69, S72, and S74 are in tiie open condition. 
Switches S65, S66. S67, S70, S71, and S73 are in tiie open 
condition. On phase P4, the charge sharing switches, e.g. 
S59 and S60 of tiie SC DAC stage are in tiie closed 
condition, whereby charge is redistributed among tiie one- 
bit DACs. Also on phase P4, SC filter switches S63, S64, 
S68, S69, S72, and S74 are in tiie closed condition. Switches 
S65, S66, S67, S70, S71, and S73 are in tiie open condition, . 
whereby tiie input op amp of tiie SC filter stage 90 undei^oes 
offset and gain compensation. Gain compensation is most 
effective when tiie sample rate is much higher tiian the 
bandwidtii of tiie analog signals firom tiie DAC stage. On 
phase PI, switch S61 closes and one of tiie one-bit DACs of 
tiie SC DAC delivers charge, i.e. a data sample, to input of 
tiie SC filter stage, which in this embodiment appears as a 
offset and gain compensated virtual ground. Switches S59 
and S60 are in tiie open condition. Also on PI, the SC filter 
stage 90 switches S67 and S70 are in tiie closed condition, 
tiirough which tiie output of tiie SC filter stage 90 is 
connected back to tiie input of tiie SC filter stage 90. 
Switdies S65, S71, and S73 are in tiie closed condition as 
well. Switches S63, S64, S68, S69, S72, and S74 are in tiie 
open condition. On phase P2, SC filter switches S62 and S63 
are in tiie open condition tiiereby opening the connection 
between tiie output and tiie input of tiie SC filter stage 90. 
Switch S62 is in tiie closed condition whereby tiie one-bit 
DAC 202 dehvers charge, i.e. a data sample, to input of tiie 
SC filter stage. Switches S61, S60, and S59 are in tiie open 
condition. Also on phase P2, switch S65, S66, S69, S69, 
S72, and S74 are in the closed condition. Switches S63, S64, 
S67! S70, S71, S73 are in tiie open condition. On phase P3, 
switches S59, S60, S61, and S62 are in tiie open condition 
and tiie SC DAC undergoes anotiier precharge in accordance 
witii tiie multi-bit input signal. 

Thus, tiie DAC stage deUvers more than one analog signal 
(e.g., two analog signals in tiiis embodiment), during each 
cycle of tiie DAC (e.g., each cycle of tiie four phase clock), 
whereby tiie output sample rate of the DAC matches the 
input sample rate of tiie SC filter stage. The analog signals 
may but need not be identical to one another. In some 
embodiments, tiie two analog signals from tiie DAC are not 
identical but the downstream stages provide appropriate 
compensation so tiiat tiie two analog signals contribute 
equally to tiie output of tiie Digital to Analog Conversion 
System Any type of SC DAC may be used so long as the 
DAC genCTates suitable "copies" of the analog signal, hi 
some embodiments, a SC DAC of tiie type shown in FIG. 18 
and 19A-19C may be used because it can inhereiUly provide 
multiple copies of the output signal. 
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me signal conditioner stage need not be a switched 222. A conductor 456 nim torn the pom 

capacitor filter THus. although described above as including 450 to a gate of a switch S43. A condiKtor 458 runs from the 

rKerstegel^me emLiments may not include a an perimeter of the SC ceU 450 to one of a source or a dram of 

SC pXrSTembodim'ents having a SC the switeh S43^A conductor 460 runs fro^*^?^^^ °f 

fiier stage, ofiset and gain compensation is not required. 5 the SC ceU 450 to the top P^^^e °f the cajacto CITP and 

^ ' , • *u ;« to the other of the source or drain of me switch b43. A 

■mere are many ways to physicaUy a^ange the stages m ^^^^^"^^^^f^^^n, ^eter to one of a source or 

each of the figures. For example, m one embodmient. one ^™™sS Aconductor464 runs fromtheother 

gate stage is integrated mto each of the SC ^eUs m ord^^^^^ ofT^soSiTdiak of the switch S48 to the top plate of 

nei the scrambler cell in onier to reduce the size of the SC lil^^^JJ^^rAi!^^^! ^^^f 

, , t. ^ the switch S48 to the perimeter of the SC ceU 450. 

hi some embodiments, the value of the capacitance used iUustration of a top view of another 

in the SC DAC may be selec^ in accord^ce with kT/C ^^^^^^^^ 

noise requirements, although this is not required. o?nG?S I^^ em^ substantially the same as 

In some embodiments, the value of the capacitance usea embodiment of FIG 28A but furtiier includes a switch 

in the SC DAC may be selected so as to be large enough to ^ electrically in paraUel with S43 and physicaUy 

meet bit weight matching requirements. However, ottiers are ^^^^^ substantiaUy perpendicular to S43; and further 

just two example criteria. The cntena for selectmg me ^^^^^^^ ^ ^^.^^ g^g^ electricaUy in paraUel with 

value(s) of the capacitance used m the SC DAC are no physicaUy oriented perpendicular to S48. For 

limited to those of noise requirements and/or bit weight ^^pj^^ the switches S43, S43A may have a longitudinal 

matching requirements. ^^^^ switches may be oriented such that the longi- 

Although described with respect to a system for use in a tudinal axis of one switch is physically perpendicular to the 
GSM system that runs at 13 MHz, the systems described ^ longitudinal axis of the other switch. In one embodiment, the 

above are not limited to such. switches S43 and S43A are formed of two switches of 

Various switched capacitor filters and associated configu- approximately equal size, 

rations are disclosed in Temes, Gabor C, et al. "Novel 29 is a representation of a top view of one embodi- 

PipeUne Data Converten", ISCAS, 1988, pp. 1943-1946 ^^^^ ^ ^^^^^ 4gQ ^ portion 110 having 
and Yoshizawa, Hirokazu, et al., 'TSTovel Design Techniques 30 ^- t^t^en SC ceUs arranged in a ring 482. Seventeen of the 

for High-Linearity MOSFET-Only Switched-Capacitor 3^ ceUs (shown in solid Unes) in the ring form a segmented 

Circuits", Symposium on VLSI Circuits Digest of Techmcal adapted to receive a multi-bit digital input signal 

Papers, 1996, pp. 152-153. np to seventeen bits. One of the SC ceUs (shown in 

In some embodiments, tiie DAC stage sunultaneously ^ottedline) in tiie ring forms the MSB portion of a SC DAC 
deUvers multiple "copies" at tiie same time, which in effect 35 ^^^^^ ^^^ted line) 484 formed of seven SC ceUs and 

increases the gain of the DAC. adapted to receive a multi-bit digital input signal of up to 

Referring again to FIG. 27, in some embodiments the SC i^j^ ^ on each of the SC cells in the ring 

filter stage 90 has a switched capacitor, e.g.. C400. The indicates the relative direction of orientation of the SC cell, 

switched capacitor C400 may be but is not limited to a ^ embodiment, the DAC stage is fabricated in a 0.25 
switched capacitor that does not have effects fix)m associated 40 n^^^on (^i) double-poly quad metal process in a GSM 

parasitic capacitances. In other words, the parasitic capaci- baseband/voiceband integrated circuit, 

tances may or may not be charged and/or discha^ed and do However as stated above, the switches and the capacitors 

not pass parasitic si^ls from the charging and disc^ particular embodiments shown. 

SISe. but is not limited to a switohed capacitor so CXmter stage 92 of HG. f which mclud^a two r^isto 

formed of t^;o diodes that are comiected anode to anode or R600. R601 tlmt each receive an ^^S^^ ^^-^.^f ^ 

are comiected cathode to cathode, where the junction filter stage, and form an RC ffltCT witii C600^d C601 to 

SL^SSo diodes is biased such that the diodes do not passively filter the images left by swit±^ ^pacito 

b^me forward biased during operation. In some filter. IHe images appear at multiples of tbeSC filter sample 

SdLlnJ Se DAC stage Ls'parasitic sensitive ^^^-^,5;;^-^^^/^^ ^^^^^ 

switohed capacitor elements and consequenfly the capacitor ampbfi^ 600 ^d.^^.^^^^^^^JOT^^ whiS foiS a 

C401 in th^ switched capacitor filter may improve gam may fiirther provide ^o^.^Jf;!;_^Sn;..n?^^^^ 

matohing and/or gain drift between the DAC stage and the Pa^^ive pole mcomtamtion with an off-ctap c^^^^^ 

^fiiw^tape Although not reqmred, the resistors m the ou^ut pole may 

no MA is'an iUustration of a top view of one embodi- 60 be intepated to '^P-^\^^J^^''£^^^, 

mAvt of a SC cell 450 imnlementiM the one-bit DAC of external component count and to reduce the effects ot 

Sg 16^ Sel^etoTf SSIc^ 450 is shown as a loading fiom the pin capacitance on the output stage amph- 

dotted line. ITie SC ceU 450 includes a capacitor top plate fier ^h„rfim*nit of a 

CITP and a capacitor bottom plate CIBP. A conductor 452 FIG. 31 is a block diagram of one emtodment of a 

^ provided to S^ly the digiti signal bit, to a legion of a « ^^^f^^^OO ftat ^ adap^^ 

control portion 222. A conductor 454 is provided to supply mput signal bit,, bit,. bit3. bit^, into an analog s^ 

mepSs^s?SalP2toaregionrepiesenti4acontrolpoition indicative ofthe square ofthe mput signal. THe analog signal 
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is supplied to an output terminal 510. The squaring circuit relationship between the clock phase, and the state (he., 

500 comprises four switched capacitor DACs 162, 164, 166. voltage and charge) of the capacitors m the one-bit DACs. 

168, described above with respect to FIG. 5. The digital Refeiring now to FIG. 33A, on phase P3 of the 3-phase 

signal bitj is presented to an input terminal 512 from where clock, all of the charge sharing switches S200, S201, S202, 

it is supplied to the one-bit DAC 162 to control the switch 5 and S203 and the output switch S204, are in the open 

SI. The digital signal biti is further supplied to an inverter condition. The capacitor CI and the capacitor C2 are each 

174 that generates a signal at terminal 176 used to control charged to V^^in response to the logic state 1 on terminal 

switch S2. The digital signal biti is presented to an input 512 and 514, respectively. Capacitors C3 and C4 are all 

te rminal 514 from where it is supphed to the one-bit DAC discharged to ground in response to the logic 0 signals on 

164 to control switch S4 and input to an inverter 180 that 10 terminals 516, 518, respectively. Referring now to FIG. 34B, 

generates a signal at terminal 182 used to control switch S5. on phase PI, all of the charging switches S3, S6, S9 and S12 

The digital signal bitg is presented to an input terminal 516 (piG. 31) and the output switch S204 are in an open 

from where it is suppHed to the one-bit DAC 166 to control condition, and all of the charge sharing switches S200, 201, 

switch S7 and input to an inverter 186 that generates a signal 202, 203 are m a closed condition, whereby charge is 

at terminal 188 used to control switch S8. The digital signal 15 redistributed and resulting in the total charge on all of the 

bit4 is presented to an input terminal 518 from where it is capacitors being divided among all of the capacitors. If the 

supphed to the one-bit DAC 168 where it is used to control capacitors CI, C2, C3, C4 all have the same capacitance 

charging swdtch SIO and input to an inverter 192 that value C, then the charge is shared equally so that the voltage 

generates a signal at terminal 194 used to control switch Sll. across each capacitor becomes V^y2. Referring now to FIG. 

The first terminal of the capacitor CI is supplied to a first 20 33C, on P2 of the 3-phase clock, switch S200 is in the closed 

terminal of a charge sharing switch S200. The first terminal condition because P2 has a logic state 1 and bit^ has a logic 

of the capacitor C2 is supphed to a first terminal of a charge state 1 . Switch S201 is in the closed condition because P2 

sharing switch S201. The first terminal of the capacitor C3 has a logic state 1 and bitj has a logic state 1 . Switches S202, 

is supphed to a first terminal of a charge sharing switch S203 are in the open condition because bitg, bit4, have a 

S202. The first te rminal of the capacitor C4 is supplied to a 25 logic state 0. Output switch S204 is in the closed condition, 

first termmal of a charge sharing switch S203. The second and capacitors CI and C2 (FIG. 31) of one-bit DACs 162, 

terminal of each of the switches S200- 203 is connected to a 154 delivers charge to the output terminal 510. 

first termmal of a switch S204. The second terminal of the Consequently, the total charge dehvered to the output ter- 

switch S204 is connected to the output terminal 510. minal 510 is equal to C*Vref. 

FIGS. 33A-33C are block diagrams showing the opera- 30 Thus, for this embodiment, the charge may be determined 

tion of the squaring circuit 500 of FIG. 31 for each of the as foUows: 

three clock phases (see FIG. 32) in the event tiiat input charge=(C*Vref*(v.lue of digital inputr2y4 (Equation 1) 

terminals 512, 514, 516, 518 are supphed with digital bit v ^ 

signals bit^ , bit^, bits, bit4, havmg logic states of 1, 0, 0, 0, hi other embodiments, the multi-bit digital mput signal to 
respectively. Tables show the relationship between the clock 35 the SC squaring circuit need not be equally-weighted bits, 
phase, and the state (i.e., voltage and charge) of the capaci- but rather may have binary-weighting or any other weight- 
tors in the one-bit DACs. Referring now to FIG. 33A, on ing. . 
phase P3 of the 3-phase clock (FIG. 32), all of the charge FIG. 35 shows one embodmient of an analog to digital 
sharing switches S200,S201,S202, and S203 and the output converter 800. The analog to digital converter 800 is a 
switch S204, are in the open condition. The capacitor CI is 40 successive approximation type having an analog comparison 
charged to V„jrm response to the logic state 1 on terminal stage 801 that receives an analog signal The arialog com- 
512. Capacitors C2, C3 and C4 are all discharged to ground parison stage 801 generates an ouq)ut signal that is supphed 
in response to the logic state 0 signals on terminal 514, 516, to a successive approximation register (SAR), which gen- 
518, respectively. Referring now to FIG. 33B, on phase PI erates an output signal that is supphed to a latch stage 804. 
of the 3-phase clock (HG. 32) all of the charging switches 45 A digital output signal from the latch stage 804 is fed back 
S3 S6,S9 and S12 (FIG. 31) and the output switch S204 are to an input of the analog comparison stage through a 
in an open condition, and all of the charge sharing switches feedback element 806. The feedback element 806 may be a 
S200, 201, 202, 203 are in a closed condition, whereby digital to analog converter that employs one or more of the 
charge is redistributed and resultmg in the total chaise on aU methods or devices described hereinabove . In some 
of the capacitors bemg divided among all of the capacitors. 50 embodiments, the feedback element may comprise a squar- 
If the capacitors CI, C2, C3, C4 all have the same capaci- mg circuit such as for example, the squaring circuit 
tance value C, then the charge is shared equaUy so that the described heremabove with respect to FIGS. 31-34. In such 
voltage across each capacitor becomes V^4. Referring now embodiments, the feedback DAC has the characteristic that 
to HG. 33C, on P2 of the 3-phase clock (FIG. 32) switch the analog output is proportional to the square of the digital 
S200 is in the closed condition because P2 has a logic 1 state 55 input. This produces a square root transfer function for the 
and bit, has a logic sUte I . Switches S201, S202, S203 are overall analog to digital converter, wherein the digital output 
in the open condition because bitj, bits, bit4 have a logic is proportional to the square root of the analog mput. hi 
state 0 Output switch S204 is in the closed condition, and conh^t, the AD574 analog to digital converter, manufac- 
capacitor CI (FIG. 31) of one-bit DAC 162 delivm its tured by Analog Devices, Inc. produces a hnear transfer 
charge to the output taminal 510. Consequently, the total eo function, wherein the digital output is directiy proportionate 
charge dehvered to the output terminal 510 is equal to to the analog input of the analog to digital converter. 
C*Vref74. Referring again to FIG. 31, in another embodimeiit, a 
FIGS 34A-34C are block diagrams showing the opera- digital to analog converter may receive a first multi-bit 
tion of the squaring circuit 500 of FIG. 31 for eadi of the 3 digital signal and a second multi-bit digitel si^, and 
clock phases m the event that mput terminal 512. 514, 516, 65 geuerate an analog signal indicative of a prodiK:t of the first 
518 ar^ suppUed with digital bit signals bit,, bit^, bita, bit^, multi-bit digital signal and the second multi-bit distal 
having logic states of 1 . 1 , 0, 0, respectively. Tables show the signal. Such embodiment is shnilar to the squaring circmt of 
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FIG. 31 except tMt the switches S200, S201, S202, and 
S203 are controlled by the second multi-bit digital signal. 
For example, the switch S200 may be controlled according 
to an equation: Pl-K(biti of second multi-bit digital signal) 
*P2). The switch S201 may be controlled according to an 5 
equation: Pl-K(bit2 of second multi-bit digital signal)*P2). 
The switch S202 may be controlled according to an equa- 
tion: Pl-K(bit3 of second multi-bit digital signal)*P2), The 
switch S203 may be controlled according to an equation: 
Pl-K(bit4 of second multi-bit digital signal)*P2). In another 
embodiment, such a digital to analog converter may be 
employed in the feedback loop of a analog to digital 
converter, as in FIG. 35. 

In another embodiment, the digital signal processing stage 
includes a sigma delta modulator. 

Although shown in an embodiment adapted to receive an 
acoustical signal 56, m other embodiments, the handset 50 
is not limited to such. The input signal may be one or more 
sigiial of any type including but not limited to 
electromagnetic, electrical, microwave, acoustical, 
ultrasound, and optical signal, may have any form, and may 20 
be from any source. The invention may be used in any type 
of system which may but need not include a digital to analog 
conversion stage. 

The multi-bit digital signal may be parallel data, e.g., 
provided by way of plurality of signal lines, serial data, e.g., 25 
provided by way of a single signal line, or any combination 
thereof, e.g., some parallel data and some serial data. 

Although the SC cell is shown in embodiments for use in 
forming a SC DAC, the SC ceU is not limited to such, but 
rather may be used in any appUcation. 30 

Hie switched capacitor devices and techniques described 
above are not limited to embodiments in which the elements 
are substantially identical. 

As stated above, the switches and the capacitors naay be 
ofany type and are not limited to the particular embodiments 35 

disclosed above. 

While there have been shown and described various 
embodiments, it will be understood by those skilled m the art 
that various changes and modifications may be made. 

What is claimed is: 40 

1. ABAC comprismg: 

a switched capacitor network that receives a multi-bit 
digital signal, the switched capacitor network having a 
plurality of sub DACs that each receive an associated 
bit of the multi-bit digital signal, each of the plurality 45 
of sub DACs having an associated capacitance that 
r^eives an associated amount of charge in response to 
the associated bit, wherein the associated amount of 
chaise for each of the plurality of sub DACs is in direct 
proportion to a weight of the bit, the DAC having a so 
charge sharing operation state in which at least two of 
the plurality of sub DACs share charge with one 
another, and having an operation state, initiated subse- 
quent to the charge sharing operating state, in which the 
switched capacitor networic outputs at least one analog 55 
signal indicative of a sum of values of each bit m the 
multi-bit signal. 

2. Th& DAC of claim 1, wherein the multi-bit digital 
signal is an equally weighted multi-bit digital signal, and the 
associated amount of charge is the same for each of the 60 
plurality of sub DACs. 

3. Hie DAC of claim 1, wherein the multi-bit digital 
signal is an equally weighted multi-bit digital signal, and tiie 
associated capacitance is the same for each of the plurality 
of sub DACs. 

4. The DAC of claim 1, wherein eadi of the plurality of 
sub DACs shares charge with one another, and the switched 



capacitor network outputs an analog signal mdicative of a 
sum of values of each bit in the multi-bit signal. 

5 The DAC of claim 1, wherein for each of the plurality 
of sub DACs, the associated capacitance comprises a smgle 

capacitor , - r-.t. 

6. The DAC of claim 1, wherein at least a portion of the 
plurahty of switched capacitor cells form a closed loop. 

7. The DAC of claim 1, wherein the DAC comprises a 
plurahty of switched capacitor cells used in forming the 
switched capacitor network, each of at least two of the 
plurality of switched capacitor cells has a orientation 
du-ection, and the at least two of the plurahty of switched 
capacitor cells are oriented such that the orientation direc- 
tion of at least one of the at least two of the plurahty of 
switched capacitor cells is angularly offset relative to the 
orientation dnection of at least one other of the at least two 
of the plurality of switched capacitor cells, the angular offset 
being substantially ninety degrees. 

8. The DAC of claim 1, wherein the DAC comprises a 
plurahty of switched capacitor cells used m foimmg the 
switched capacitor network, each of at least four of the 
plurality of switched capacitor cells has a orientation 
direction, and the orientation dii^ction of each one of the at 
least four of the plurahty of switched capacitor cells is 
angularly offset relative to the orientation dhections of the 
others of the at least four of the plurahty of switched 
capacitor cells. 

9. A DAC comprising: 

a switched capacitor network that receives an equally- 
weighted multi-bit digital signal and outputs one or 
more analog signals, wherein at least one of the one or 
more analog signals comprises a single packet of 
charge mdicative of a sum of equally weighted values 
of each bit m the multi-bit signal. 

10. The DAC of claun 9, wherein the one or more analog 
signals comprises exactly one signal. 

11. The DAC of claim 9, wherein the one or more analog 
signals comprises two or more analog signals, whereui at 
least two of the two or more analog signals comprises a 
single packet of charge indicative of a sum of equaUy 
weighted values of each bit in the multi-bit signal. 

12. A DAC comprising: 

a switched capacitor network that receives an equally- 
weighted multi-bit digital signal, the switched capacitor 
network having a plurahty of sub DACs, at least two of 
the plurality of sub DACs sharing charge with one 
another, wherem the switched capacitor network out- 
puts an analog signal mdicative of a sum of equally 
weighted values of each bit in the multi-bit signal. 

13. The DAC of claim 12, wherein for each of the 
plurality of sub DACs, the associated capacitance comprises 
a single capacitor. 

14. The DAC of claim 12, wherem at least a portion of the 
plurahty of switched capacitor cells form a closed loop. 

15. The DAC of claim 12, wherein the DAC comprises a 
plurality of switched capacitor cells used m forming the 
switched capacitor network, each of at least two of the 
plurahty of switched capacitor cells has a orientation 
direction, and the at least two of the plurahty of switched 
capacitor cells are oriented such that the orientation dkec- 
tion of at least one of the at least two of the plurahty of 
switched capacitor cells is angularly offset relative to the 
orientation direction of at least one other of the at least two 
of the plurahty of switched capacitor ceUs. 

16. The DAC of claim 12, wherein the DAC comprises a 
plurahty of switched capacitor ceUs used in forming the 
switched capacitor network, each of at least four of the 
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plurality of switched capacitor cells has an orientation means for temporarily connecting at least two" of tile 

SSi.andS?n^taU^n direction of each oneo^ plurality of capaators to one anotherto share charge, 

least fonr of the plnraUty of switched capacitor cells is and , ^ , 

angularly ofiFset relative to the orientation direction of the means for providing at least one analog output signa 

omers of the at least four of the plurality of switched 5 indicative of a sum of values of each bit m the multi-bit 

capacitor ceUs. signal, after disconnecting the at least two of the 

17. A method of converting a multi-bit digital signal to an plurality of capacitors from one another, 

analog signal indicative of a sum of value of each bit in the 28. The DAC of claim 27. wherem tiie DAC further 

multi-bit digital signal comprising: comprises means for connecting each of the plurality ot 

charging each of a plurality of capacitors to a value lo capadtorstoatleast one otlia- oftheplurati^of c^^^^^ 

^nelpondingtoavalueofabitinthemulti-bitsignal. 29. Tie DAC of claim 2^ .^AC forfher 

whereS^theTharge on each capacitor corresponds to a comprises means for comiectog all of tiie capacitors 

weSht of the value of a corresponding bit; together so each has substantiaUy the same value, 

weight of me value ot a 'P°™ ° ^30 DAC of claim 29. wherein each of the capacitors 

temporarily connecting at least two of the plurality ot r^r^ zTu .,^ c«™» X^rat. 

cSacito'rs to one anitiier to share charge; and '^arJ^^^SrS 

providing at least one analog output signal indicative of a P ^ capaciton to a 

sum of values of each bit in the multi-bit signal, after ^^dW to a value of a bit in an equally- 

discomiectingtiieatleasttwoofthepluralityofcapaci- ^^^^SSgnit" ° ' 

18'°Se SS%TcE 17. wherein the method farther ^ meam for generating a single packet of charge on at le^t 

compiie ^SSing each of the plurahty of capacitors to one capacitor indicative of a sum of equally weighted 

at least one other of thepluraUty of capacitors. values of each bit m the multi-bit signal. 

S^^mS of ckkn 17. wherein the method farther 32. Hie DAC of claim 31, farther compnsmg means for 
comprSs^Tci Jof the plurality of capacitors ^ comiecting each ofthepluraUty of capacitors to at least one 
togetHersothevalueofeachofthepluratityofcapacitorsis - o^ha o^^e^^^hty o^^^^^^ 

'ir^S miiXf'S 19. wherem the charge on each charging each of the pluiaUty of <=apaaton to a l^el 

of Se pteality of capacitors is substantially a same charge. 

21 Amethodofc^verting a equally weighted multi-bit the plurality of capacitoi^ together so a charge of each of the 

digital signal to an analog signal indicative of a sum of value capacitors is substantiaUy a same charge, 

of each bit in tiie multi-bit digital signal comprising: 34. A DAC compnsmg: 

charging each of a pluraUty of capacitors to a value means for charging each of a plurahty °f ^P^f ""^^^ 

coiesponding to a value of a bit in the equaUy value correspondmg to a value of a bit m an equaUy- 

weighted multi-bit signal, and 35 weighted multi-bit signal, and ^ ^ , . 

generating a signal packet of charge on at least one means for connecting at least two of the plurality ot 

capacitor indicative of a sum of equaUy weighted capacitors to one another to share chaise, 

vies of each bit in tiie multi-bit signal. 35. Hie DAC of claim 34^^ farther comprising means for 

22 Tlie metiiod of claim 21. wherein the method farther connecting each of tiie plurahty of capacitors to at least one 
comprises connecting each of the pluraUty of capacitors to 40 other of the pluraUty of capacitors. 

^Sone otiier of the pluraUty of capacitors. 36. lie DAC of daim 34 fartho: compiismg m^ fo 

23 The method of claim 21. wherein tiie metiiod fiirther charging each of tiie plurahty of capacitors to a le^el 
comprises charging each of tiie pluraUty of capacitors to a indicative of a value of correspondence and connecting ^ ot 
level indicative of a value of correspondence and connecting tiie plurality of capacitors togeUier so a charge of each of tiie 
aU of tiie pluraUty of capacitors togetiier so each of ttie 45 capacitors is substantiaUy a same charge. 

capacitors has a charge which is substantiaUy a same charge. 37. An integrated ciremt compnsmg: 

24 A metiiod of converting an equaUy weighted multi-bit an int^rated switched capacitor network tiiat receives a 
digital signal to an analog s^nal indicative of a sum of value multi-bit digital signal, tiie switched capacitor networic 
of each bit in tiie multi-bit digital s^nal comprising: haviag a pluraUty of sub DACs tiiat each receive an 

charging each of a pluraUty of capacitors to a value 50 associated bit of tiie multi-bit digital signal, each of tiie 

corresponding to a value of a bit in tiie equaUy- pluraUty of sub DACs having an associated capacitance 

weighted multi-bit signal, and tiiat receives an associated amount of charge m 

comie^tingatleasttwooftiiepluralityofcapacitorstoone '^^T T'^ll^o^LtSv^'f SSS 

anoth^to share charge. amount of charge for each of tiie Pf'^jiof f ^ ^^^^ 

Si of iSTplurality of capacitors togetiier so each of tiie switehed capacitor network outputs at 1^; °^/^^ 

capacitors L a ctarge which is substantiaUy a same charge. signal indicative of a smn of values of each bit m tiie 

27. A DAC comprising: multi-bit signal. .. 

means for charging each of a pluraUty of capacitors to a 38. An mtegrated cucmt compnsmg: 
^ue i)SSngtoavdueof abitin amulti-bit 6S an integrated switohedcapaatornetwori. tiiat receiy«^^ 

whSlhf charge on each capacitor corre- equaUy-weighted multi-tat digital si^^nd ouju^ 

s^ds to a weight of tiie value of a corresponding bit; one or more analog signals, wherem at least one of flie 
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one or more analog signals comprises a single packet of 
charge indicative of a sum of equally weighted values 
of each bit in the multi-bit signal. 

39. An integrated circuit comprising: 
an integrated switched capacitor network that receives an 5 

equally- weighted multi-bit digital signal, the switched 
capacitor network having a plurality of sub DACs, at 
least two of the plurahty of sub DACs sharing charge 
with one another, wherein the switched capacitor net- 
work outputs an analog signal indicative of a sum of jq 
equally weighted values of each bit in the multi-bit 
signal. 

40. The DAC of claim 1 wherein each of the plurality of 
sub DACs shares charge with at least one other of the 
plurality of sub DACs to generate at least one analog signal 
indicative of a sum of values of each bit in the multi-bit 

signal . , ^ 

41. The DAC of claim 1 wherein tiie switched capacitor 
network generates the at least one analog signal in response 
to the charge received by tiie capacitance of each of the 
plurahty of sub DACs in response to the associated bit. 20 

42. The DAC of claim 12 wherein each of the plurahty of 
sub DACs shares charge with at least one otiier of the 
plurality of sub DACs to generate at least one analog signal 
indicative of a smn of values of each bit in the multi-bit 
signal. ^ 

43. The DAC of claim 12 wherein tiie switched capacitor 
network generates the at least one analog signal response to 
the charge received by the capacitance of each of the 
plurahty of sub DACs in response to the associated bit. 

44. The method of claim 17 further comprising generating 30 
at least one analog signal mdicative of a sum of the values 
of the bits in the multi-bit digital signal in response to the 
charge stored on each of the plurahty of capacitors by the 
step of charging. 

45. The method of claim 17 wherein connecting com- 35 
prises connecting each of the plurahty of sub DACs witii at 
least one other of the plurahty of sub DACs to share charge 
and generate at least one analog signal indicative of a sum 
of the values of the bits in the multi-bit digital signal. 

46. The method of claim 24 further comprising generatii^ 40 
at least one analog signal indicative of a sum of the values 
of tiie bits in tiie multi-bit digital signal m response to tiie 
charge stored on each of the plurality of capacitors by tiie 
step of charging. 

47. The method of claim 24 wherein connecting com- 45 
prises connecting each of the plurahty of sub DACs witii at 
least one otiier of tiie plurahty of sub DACs to share charge 
and generate at least one analog signal indicative of a sum 
of tiie values of tiie bits m tiie multi-bit digital signal. 

48. The DAC of claim 27 further comprishig means for so 
generating at least one analog signal indicative of a sum of 
tiie values of tiie bits in tiie multi-bit digital signal in 
response to the charge stored on each of tiie plurahty of 
capacitors by the step of charging. 

49. The DAC of claim 27 wherein means for connectir^ 55 
comprises means for connecting each of the plurahty of sub 
DACs witii at least one other of tiie plurahty of sub DACs 
to share charge and generate at least one analog signal 
indicative of a sum of tiie values of tiie bits in the multi-bit 
digital signal. 

50. The DAC of claim 34 fiirtiia' comprising means for 
generating at least one analog signal mdicative of a sum of 
tiie values of tiie bits in tiie multi-bit digital signal m 
response to tiie charge stored on each of the phirahty of 
capacitors by tiie step of charging. ^5 

51. The DAC of claim 34 wherem means for connecting 
comprises means for connecting each of the plurahty of sub 



DACs witii at least one otiier of tiie plurality of sub DACs 
to share charge and generate at least one analog signal 
indicative of a sum of tiie values of tiie bits m tiie multi-bit 
digital signal. 

52. The DAC of claim 37 wherem each of tiie plurahty of 
sub DACs shares chaise witii at least one otiier of the 
plurahty of sub DACs to generate at least one analog signal 
indicative of a sum of values of each bit in the multi-bit 
signal. 

53. The DAC of claim 37 wherem tiie switched capacitor 
network generates tiie at least one analog signal in response 
to tiie charge received by tiie capacitance of each of the 
plurahty of sub DACs m response to tiie associated bit. 

54. The DAC of claim 39 wherem each of tiie plurahty of 
sub DACs shares charge witii at least one otiier of the 
plurahty of sub DACs to generate at least one analog signal 
indicative of a sum of values of each bit in the multi-bit 
s^nal, 

55. tiie DAC of claim 39 wherem tiie switched capacitor 
network generates tiie at least one analog signal in response 
to the charge received by tiie capacitance of each of the 
plurahty of sub DACs m response to tiie associated bit, 

56. The DAC of claim 1 wherein tiie DAC has more tiian 
one charge sharing operating state in which at least two of 
tiie plurahty of sub DACs share charge witii one anotiier. 

57. The DAC of claim 1 wherein tiie DAC has more tiian 
one operating state, subsequent to the charge sharing oper- 
ating state, in which tiie switched capacitor network outputs 
at least one analog signal indicative of a sum of values of 
each bit in the multi-bit signal. 

58. A DAC comprising: 

a switched capacitor network that receives a multi-bit 
digital signal, tiie switched capacitor network having a 
plurahty of sub DACs tiiat each received an associated 
bit of tiie multi-bit digital signal, each of tiie plurality 
of sub DACs having an associated capacitance that 
receives an associated amount of charge in response to 
tiie associated bit, wherem tiie associated amount of 
charge for each of tiie plurahty of sub DACs is in direct 
proportion to a weight of tiie bit, the DAC having an 
operating state in which at least two of the plurality of 
sub DACs share charge witii one anotiier, and havmg an 
operating state m which fewer than all of the plurality 
of sub DACs are connected to an output terminal and 
tiie switched capacitor network outputs at least one 
analog signal indicative of a sum of values of each bit 
in the multi-bit signal. 

59. The DAC of claim 58 wherem tiie DAC has more tiian 
one charge sharing operating state in which at least two of 
tiie plurahty of sub DACs share charge witii one anotiier. 

60. Tlie DAC of claim 58 wherein tiie DAC has more tiian 
one operating state in which fewer tiian all of the plurality 
of sub DACs are connected to an output terminal and the 
switched capacitor network outputs at least one analog 
signal indicative of a sum of values of each bit in the 
multi-bit signal. 

61. The DAC of claim 58 wherein in tiie operating state 
in which fewer tiian all of tiie plurahty of sub DACs are 
connected to an output terminal and the switched capacitor 
network outputs at least one analog signal indicative of a 
sum of values of each bit in tiie multi-bit signal, the sub 
DACs tiiat are connected to tiie output ternunal dehver 
charge to said output terminal. 

62. A metiiod of converting a multi-bit digital sigiial to an 
analog signal indicative of a sum of value of each bit m the 
mititi-bit digital signal comprising the steps of: 
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charging each of a plurality of capacitors to a value 
corresponding to a value of a bit in the multi-bit signal, 
wherein the charge on each capacitor corresponds to a 
weight of the value of a corresponding bit; 

connecting at least two of the plurality of capacitors to one ^ 
another to share chaise; and 

connecting fewer than all of the plurality of sub DACs to 
an output terminal to provide at least one analog output 
signal indicative of a sum of values of each bit in the 
multi-bit signal. 

63. A DAC comprising: 

means for charging each of a plurality of capacitors to a 
value corresponding to a value of a bit in a multi-bit 
signal, wherein the charge on each capacitor corre- 
sponds to a weight of the value of a corresponding bit; 

means for connecting at least two of tbe plurality of 
capacitors to one another to share charge; and 

means for connecting fewer that all of the pluraHty sub 
DACs to an output terminal to provide at least one 20 
analog output signal indicative of a sum of values of 
each bit in the multi-bit signal. 
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64, An integrated circuit comprismg: 

an integrated switched capacitor network that receives a 
multi-bit digital signal, the switched capacitor network 
having a plurality of sub DACs that each receive an 
associated bit of the multi-bit digital signal, each of the 
plurality of sub DACs having an associated capacitance 
that receives an associated amount of charge in 
response to the associated bit, wherein the associated 
amount of charge for each of the plurality of sub DACs 
is in direct proportion to a weight of the bit, the 
integrated switched capacitor network having an oper- 
ating state in which at least two of the plurality of sub 
DACs share charge with one another, and having an 
operating state in which fewer than all of the plurality 
of sub DACs are connected to an output terminal and 
the switched capacitor network outputs at least one 
analog signal indicative of a sum of values of each bit 
in the multi-bit signal, 

65. The DAC of claim 15 wherein the angular offset is 
substantially ninety degrees. 
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